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IV PREFACE. 

dence, should be incapable of acquiring a know- 
ledge calculated, above every other, to engage its at- 
tention, and excite its interest, I cannot perceive. 
Such an assumption is entirely gratuitous ; and I be- 
lieve that if a course of instruction in the Rudiments 
of Natural Philosophy were to be introduced into all 
our schools, it would be found to facilitate the ad- 
vancement of the pupils in every one of their other 
and less interesting studies. Those who are best 
acquainted with children know that the mind of a 
child is so strong and vigorous that it may be (and 
in truth always is, though not always with profit) 
constantly employed and occupied, without injury or 
fatigue, but not on the same object: it is change, 
variety in the subject of study, that is alone neces- 
sary to render its acquisition easy and without fatigue ; 
and such an agreeable change would be afforded by 
blending science with the less interesting branches 
of an ordinary school education. 

In order to render the present work adapted to 
the purposes for which it is intended, the subject has 
been treated in as familiar and easy a manner as its 
peculiar nature would admit; while, however, this, 
its primary object, has not been lost sight of, it is 
hoped that the work may not be found entirely de- 
void of interest or information to the more advanced 
student. 

London, June 20, 1848, 



PREFACE 

TO THE SECOND EDITION. 



In preparing a second edition of this little work for 
the press^ it has been carefully examined, and such 
errors as were found have been corrected ; besides 
which, several important additions have been made. 
In order that the work might be accessible to all, 
algebraical formulae were carefully excluded in the 
former edition; and the whole of the rules were 
verbally expressed. It has, however, been thought 
that some formulae, which could not be conveniently 
given in any other form, and which, at the same time, 
would be of frequent use to those conversant with 
algebra, might be introduced with advantage, but in 
order not to perplex others, they have been added in 
the form of notes. Amongst the most considerable 
additions may be mentioned the section on the Mo- 
tion of bodies about Centers, and on the Moment of 
Inertia of bodies. 

H. L. 

Old Windsor, 15th April, 1850. 
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CIVIL ENGINEERING. 



CHAPTER I. 

INTRODUCTION. 

The office of the Civil Engineer consists in the 
designing, arrangement, and constniction of all 

I works, structures, or machines, which require the 
immediate superintendence of a person acquainted 
with the principles and practice of Construction. 

Civil Engineering is one of those branches of 
knowledge which properly take their places both 
amongst the sciences apd the arts; for a science 
consists of a collection of general principles or 
truths relating to any particular subject, while an 
art is the application of those principles to practice, 

I for the purpose of effecting some particular object. 

I The Science of Civil Engineering, then, informs us 

' of the general principles of mechanics and construc- 

\ tion, and teaches us in what wav to ascertain the 
■ A 3 



2 INTRODUCTION. 

strains to which every part of a structure will be ex- 
posed, and of the dimensions and proportions wliich 
should be given to each, in order that they may be 
able to sustain such strains without injury. And the 
Art of Civil Engineering consists in the application 
of these principles to the actual construction of 
various works, .and their judicious use and modifi 
cation to meet the several contingencies which arise 
in practioe. 

The duty of the Civil Engineer embracing, as it 
does, almost every kind of construction, requires a 
very extensive and general acquaintance with most 
other sciences, in order to qualify' him for success- 
fully accomplishii^ the various works upon which he 
may be engaged, and of overcoming those difficulties 
which frequently «tart up unexpectedly in the pro- 
gress of a work, and, but for the knowledge, talent? 
and perseverance of the Engineer, threaten the ulti- 
male success of his endeavours. It is only necessary 
to take a glance at the list of Works upon the con- 
structioB of which the Engineer is engaged — Railways, 
B^ads, Canals,'Sivers, Harbours, Docks, Breakwaters, 
Bridges, Tunnels, and many others — to obtain at 
once an idea of the extent of the subjects which his 
knowledge ought to comprise; and further, of the 
immense importance of his professional labours to 
his fellow maen. 

The following classified arrangement of the several 
branches of CivilEngineeringjWith their subdivisions, 
will not only serve to show the extent of this science' 
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but wiU guide tiie Engineermg student in punuing a 
systematic scheme in the attaimpent of his profes- 
sional k&owled|pe, tihe iiaportaiioe of which, beth in 
&cilitating its acqaisition, and in impressing it upon 
the memory, are too well known, and too gencarally 
admitted, to require any enforcement. 

SYNOPSIS 
or VBS 

SCIENCE OF CIVIL ENGINEERING. 

L— MENSURATION. 

1. SmvsTiNG :^L) Betcriptian of irotnimeBte, and their use and 

adjuslment^^S.) Survejing in geDaral.-~(d.) Trigonometrical 
surveying. — ^(4.) Hydrographical 8urTejfing.~(5.) Mining sur- 
veying. 

2. Levelling: — (1.) Levelling instruments, their use and adjust- 

ment. — (2.) Praokieie of levelling. — (3.) Measuring heights with 
the barometer. 
d. Drawing and Plottino: — {!,) Instruments for drawing and 
plotting, their use. — (2.) Plotting surveys, and making plans. -^ 
(3.) Plotting levels, and making sections (4.) Preparing Par- 
liamentary plans end sections.— (5.) Preparing working and con- 
tract plans and aeotions. — {6.) Preparing detail drawings of works, 
(bridges, &c.) — (7.) Making mechanical drawings. — (8.) Princi- 
ples of projection, perspective, and shadows. 

4. Estimating: — (1.) Taldng out quantities from drawings. — (2.) 

Measuring tjuantities from the works themselves. — (3.) Measuring 
Artificers' work. — (4.) Calculating, measuring, and valuing earth- 
work. — (5. ) Estimating value or cost of works. 

5. Setting out Works: — (1.) Center lines and side widths of rail- 

ways, roads, canals, &c. — (2.) Setting out bridges, viaducts, walls, 
&c. — (3.). Setting out tunnels and driftways. 

11— GENERAL CONSTRUCTION. 
1. Statics:— (1.) Composition and resolution of pressures. — (2.) 
Moments of pressures. — (3.) Parallel pressures, and the oenter of 
gravity. 
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2. Stability of Structures: — (1.) General conditioiis of it»* 
bility. — (2.) Stability of polygonal framings. — (3.) Equilibrium 
of arches.— (4.) Stability of abutments and piers.— (5.) Stability 
of retaining walls. — (6.) Equilibrium of suspension bridges. 

S. Strength of Materials : — (!•) To resist a tensile and crushing 
strain. — (2.) Elasticity and elongation of bodies subject to a ten- 
sile or crushing strain — (3.) When subjected to a transverse 
strain. — (4.) Elasticity and deflexion of bodies subjected to a 
transverse strain. — (5.) To resist torsion. 

4. Materials employed in (Instruction: — (1.) Metals. — (2.) 

Timber. — (3.) Natural stones. — (4.) Artificial stones, including 
bricks, concrete, and the various cements used in masonry. — (5.) 
Materials for earthwork, such as embankments, puddled banks^ 
dams, &c.— (6.) Materials for roads and pavements.^?.) Ma- 
terials for covering rooft. 

5. Different kinds of Construction:— (1.) Brickwork. — (2.) 

Masonry. — (3.) Forming foundations. —(4.) Carpentry. 

6. AUXILIARS EMPLOYED IN CONSTRUCTION: — (I.) Scafiolding, 

fixed and travelling.— (2.) CenteringB.^3.) Cofler Dams. 

III.— MECHANICS, OR CONaXRUCTION OF 

MACHINERY. 

1. Dynamics:— (I.) Visa viv, momentum, and work. — (2.) Motion, 

uniform, accelerated, or retarded ; gravitation. — (3.) Collision and 
impact of moving bodies. — (4. ) Motion down inclined planes, and 
curve8.-^5.) Motion about fixed centers; centers of percussion, 
oscillation, and gyration. 

2. Moving Forces: — (I.) Water as a mechanical agent.«^2.) Air 

as a mechanical agent.— ^3.) Animal strength as a mechanical 
agent. — (4.) Heat as a mechanical agent; the steam engine. 

3. Resistances to Motion: — (1.) Friction.— ^2) Resistance of 

the medium through which the body moves. 

4. Theory of Machines: — (1.) Elements of machinery.-^2.) 

Teeth of wheels, racks, and pinions (3. ) Transmission of work 

by machinery. — (4.) Determining the modulus of a machine in 
motion. — (5.) Mechanical expedients for transmitting or changing 
motion. — (6.) Proportioning the strength and dimensions of ma- 
chinery. 

5. Machines employed in Engineering: — (1.) Machines em- 

ployed for transporting and raising materials, such as crabs, cranes, 
dredging machines, &c. — (2.) Machines employed in actual con- 
struction; such as pile-driving engines, excavating machines, 
pumps, diving-bells, pug and cement mills, &c.— (3.) Machines 
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for working upon materials ; such as lathes, boring, planing, mor- 
tising, riveting, and screw-cutting machines, saws, tcc« — (4.) Im- 
plements and tools for excavating, boring, working in wood, 
metals, stones, &c 

IV.— SPECIAL CONSTRUCTION. 

1. Common Roads :— (1.) Principles which should control the selec- 
tion of route. — (2.) Laying out roads, and arrangement of 
gradients. — (3.) Construction of roads. — (i.) Draining roads. — 
(5.) Repair of roads. — (6.) Protecting their sur&ce by different 
kinds of pavement 

2. Railways : — (1.) Principles which should determine its route, and 
the general arrangement of the curves amd gradients. — (2.) Dif- 
ferent systems of haulage, the locomotive, the atmospheric, and 
the rope. — (8.) Of the general construction of the railway. -^(4.) 
Of the permanent way, different forms of rails, switches^ &c. — 
(5.) Of draining the line, and maintaining the slopes and per- 
manent way. — (6.) Arrangement of termini and stations. — (7.) 
Construction of engines and carriages. — (8.) System of working 
the line. * 

3. Canals: — (1.) Principles which should determine the choice 
of the line of a canal. — (2.) Arrangement of levels, number 
of locks, and form of section. — (3.) General construction of 
canals. — (4.) Arrangement of locks, means of saving water, and 
obtaining feeders. — (5.) Methods of propulsion or towing, and re- 
sistance on canals. — (6.) Construction of aqueducts.-^?.) Re- 

pair and preservation of canals. 

4. Haabou&s and Docks:>-(I.) On the construction of piers, 

breakwaters, and quay walls. — (2.) On the means' of deepening 
harbours, by dredging or excavation. — (3.) Selection of site for 
docks, and their arrangement. — (4.) Construction and arrange- 
ment of locks ; cast iron and timber gates, sluices, &c. — (5.) 

j Construction of dock walls. 

I 5. Bridges: — (1.) Selection of site, and determination of the kind 

of bridge. — (2.) Construction of stone and brick bridges.— (3.) 
Construction of iron and timber bridges. — (4.) Construction of 
suspension bridges. — (5.) Construction of railway viaducts. — (6.) 
Of forming the foundations of bridges. 
6. Tunnels; — (1.) Determination of the form and dimensions of 
the tunnel. — (2. ) Method of excavating and securing the ground. 
(3.) Sinking shafts, and driving headings or drift-ways. — (4.) 
Method of draining the tunnel. — (5.) Subaqueous tunnels. 
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v.— HYDRAULIC ENGINEERING. 

1. HTDRADLies : — (1. ) The sdeiiee of hydroilatioi. — (2.) Hydro« 

dynamics (3. ) Pneumatics. 

2. Drainage and Ireigation: — (1.) Drainage of open country, 

and agricultural districts. — (2.) Improvement of outfell, and di- 
version of water from other districts. — (3.) Suriace-draining, 
eatoh'WBter drains, and under<-draimng. — (4.) Drainage of bogi 
and marsh lands. — (5.) OfwarjmtgMpt and reclaiming lands from 
ike seaaad riverB.«--(6.) Drainage of towns. — (7.) Form, dimen- 
sions, and deolivHy proper ibr sewers. — (8.) Of the ooUection and 
disposal of the sewage. 
S, Supply of Watbr to Towns ^ — (•!.) Principles which should 
guide the choice of the means of supply. — (2.) Different sources 
of supply : from the watershed of the country, itom springs and 
Artesian wells, or from large rivers. — (3.) Means of estimating 
the quantity required, and of asoertaining the probable supply, and 
the quality of the water. —(4.) Systems of supply; the 'Constant, 
or high pressure igntem, and the internuttent — (5.) Selection of 
site for reservoffs. — (6.) 'Construction of reservoirs. — (7.) Con- 
trivances for raising the water to the level of the high reservoirs. — 
(8. ) Of the means of filtering and purifying the water, and of the 
construction of the filter beds..— (9.) Of the motion of water in 
-pipes, and their discharge. 

4. Marine Engineering: — (].) Action of waves and currents, their 

modification by the contour of the shore, and the depth of water. 
— (2.) Their action on the shore, on beaches, on vertical, sloping, 
and curved walls, and generally on any obstacle. — (3. ) On the 
rSgime of coasts, and their preservation.— (4. ) Construction of sea- 
walls, embankments, breakwaters, ]»ers, and other structures ex- 
posed to the action of the sea, more particularly as regards their 
form.-«(5.) Principles which should determine the selection of 
the site for a harbour, and the arrangement of its form. — (6.) On 
the causes which produce shoals and bars. — (7.) Means of keeping 
harbours free from such obstructions, or of removing them where 
already existing. — (6.) On the improvement of harbours and sea 
channels. 

5. Improvement of Rivers : — (1.) On the tidal wave at the mouth 

of rivers, and its modification in passing up the river (2.) Prin- 
ciple of the conservation of tidal force. — (3.) On the antagonist 
agencies of the tide and land waters in rivers ; and the means of 
determining which of these should be assisted ; of the regime of 
rivers. — (4.) On the form of the shore-line of rivers, and their 
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improyement.— (5.) Of the junction of ri?en.— (6.) On the 
velocity of the stream, its scouring and transporting power, com- 
pared with the nature of its b ed . (7.) Effects of projections, 
irregularities, and obstructions, such as dams and weirs^— (8.) Of 
the formation and removal of shoals; their causes; of artificial 
scouring and sluicing. — (9.) Of the shoals formed al the mouths 
of rivers, tfaeur cause and prevention. 

VL— SCIENCES COLLATERALLY CONNECTED WITH 

ENGINEERING. 



Of all tfaeae Sciences, a certain 



1. Somatology, ob the pao-^ 

FERTIES OF MATTEE. j * * u- i j • -. • j 

^ ^ n f amount of knowledge is required 

2. Chemical Philosophy. I . .» -n. m w • u * # 
fT X «ir f by the Civil Engineer; but of 
8. Geology and Mine&alogy.T ^ ^u * *u j j 

^ .^ ri V some more than of others, depend- 

4. Natuhal Htbtory. > . . ^ ^ 

^ n rt f ins> m ^ Rre&t measure, upon 

5. Physical Oeo<»uphy, awd[ ^®' _^. ®, . y^ /I. 

,. \ those particular branches of the 

Hyj>rogbaphy. I - . ^ L. V L 

^ ^ I profession to which he may more 

6. Mathematics. i i • i j- ^ l* ^ i- 

- . I exclusively direct his attention. 

7. ACODBTICS. J ^ 

The foregoing tabular view only comprises those 
branches which may be said to form actually a por- 
tion of the science of Civil Engineering, but is far 
from including every subject with which the Engineer 
should be conversant. 

The limits, and, in fact, the object, of the present 
work are incompatible with a strict adherence to the 
above classified arrangement of the subject ; and it 
will therefore be seen, that we have omitted alto- 
gether mention of some of the matters included in 
the foregoing table, and that in other cases we have 
deviated from and modified the method of treating 
the subject. 
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CHAPTER II. 

MECHANICS.— STATICS. 

One of the most important sciences to the Civil 
Engineer is that of Mechanics, whose object it is to 
make him acquainted with the laws and relations 
which subsist between the vaiious strains and pres- 
sures existing in any complex structure, and so to 
guide him in the arrangement and distribution of it^' 
parts, and in neutralizing and adjusting those strains, 
as to prevent their doing any injury to the structure, 
and to insure its permanent stability ; and further, it 
teaches him the effects which force produces in 
moving matter, and makes him acquainted with the 
laws by which such motions are produced, transmit- 
ted, destroyed, or otherwise modified to suit the 
several purposes to which he may require to apply 
them. The first division of Mechanics, that relating 
to the stability of structures, is termed Statics ; the 
second, that which relates to the laws of moving 
bodies, is termed Dynamics. It will not be neces- 
sary for us to enter at length into the whole subject 
of Mechanics ; we shall simply confine ourselves to 
a general exposition of those parts which are of 
more immediate importance to the Engineer. 

All bodies are of themselves perfectly incapable 
of altering their state, whether of rest or motion, 
and it is only by the action of some external cause 
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that the motion of a body, however small, can be 
prodaced, altered, or destroyed; this quality of mat- 
ter is called its inertia^ and the external cause which 
thus acts upon the body, creating or modifying its 
motion, is called a force, A body does not, how- 
ever, always move when force is applied to it, be- 
cause, at the same time, it may be acted upon by 
another force, whose tendency is to make it move in 
an opposite direction to that of the force last ap- 
plied ; and if these two forces be exactly balanced, 
or equal, no motion whatever will take place in the 
body. When a force thus applied to a body, is so 
exactly balanced by other forces, that the body does 
not move in consequence, then such forces are called 
pressures, and they are said to be in equilibrium. 

Composition and Resolution of Pressures, 

It is customary, and very convenient, to represent 
pressures by lines drawn on paper, the general di- 
rection of the line being the same as that of the 
force, and the length of the line being proportional 
to the amount which it represents. For example, 
suppose a line one-tenth of an inch ^*9' !• 

in length to represent a pressure of 
one pound, then the annexed dia- 
gram would represent two pressures, 
whose directions were at right angles 
to each other, and equal to five and seven pounds 
respectively, the arrows, at the same time, serving to 
show the directions in which the pressures act. 
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Let A in fig. 2, be a hody acted on hy three pres- 
surefi, whose direotions and .asnoimts are repiesented 
by the diree aarrows ©, c, j^, 2. 

and Dy and ajre so related 
andadja&ted,tbat by their 
joint action, the body a 
is in equiKbrium, that is, 
has no tendeoncy to move 
in any direction. Nom let us suppose two of the 
forces, c and n, to be suddenly removied, and a »ew 
foi^e £, shown by the dotted arrow, sabstituted for 
them, in a direction directly opposite to the pres- 
sure B, and in amount exactly equal to it. We 
have already stoted, that when a body is acted upon 
by equal forces whose directions are .exactly oppo- 
site, it is in a state of equilibrium, and therefore it 
is evident that in the substitution which we are just 
supposed to have made, we have not in any way 
affected the body a, and that the force £ produces 
the same effect as did the two pressures c and d, whose 
places it has taken. Any pressure which will thus 
take the place of two or more pressures, producing 
precisely the same results, is said to be rthe resultant 
of those pressures, and the piH»cess by which i;he 
direction and amount of the resultant of any pres- 
sures is found, is termed the composition cf forces ; 
while the reverse process^ by which we find two or 
move pressures, which would produce the same e&ct 
as any one given pressure, is called the resolution of 
forces. 
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I%e reffuUani cfuny two pressuires is represented^ 
both in direction €md amount^ by the diagonfd of a 
pctralleloyramy whose two adjacent sides represent, in 
direction and mmountf ihose two pressures*. Thus, 
let B A and da, Fig, 3, 

fig. 3, be two preB- 
snres acting upon 
the body a; draw 
c B parallel and 
equal to da, and 

c D parallel and equal to b a, so as to complete the 
parallelogram ab c d, to which draw the diagonal c a ; 
then will c a represent, both in direction and amount, 
the resultant of the two pressures b a and d a. Let 
£ A represent the pressure which is required to keep 
the body a in equilibrium, and prevent its being 
moved by the pressures B a and da; then it is evi- 
deait that £ A must be equal and opposite to c a ; and 
the three preasoces b a^ d a, and £ a, by which the 
body A is kept in eqiuUbrium, are parallel in direc- 
tion, and proportional in amount, to the three sides, 

* To those conversant with Algebra, the following formulae, express, 
ing the magnitude and direction of the resultant of any two pressures, 
will be usefuL Let p, and p^ represent two presnires, p, i>eing the 
greater; let /3 be the angle formed by their two lines of direction, £ 
their resultant, and y the angle which its line of direction makes with 
that of p^; thes-— 

»•• V»i*+ ^a*+ f 1 's • «» fit 

.^ P. . sin /3 . 

tan y «» i n— ; 

p, 4. Pi . COS /3 

In which the upper sign is to be taken when ^ is less than 90°, and the 
knrer wben it is greater. 
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B A, c B, and A c, of the triangle a b c. Or generally 
any three pressures which^ when applied to a hodyy 
keep it in ■ equilihriumy are all in the same plancy 
and are parallel and proportional to the three sides 
of a triangle, . 

When a body in equilibrium is acted upon by 
more than three pressures^ whose directions are all 
in the same plane j then are those pressures parallel 
in direction^ and proportional in amount^ to the sides 
of a polygon. Thus, let the body a, fig. 4, acted 

Fig A. 




upon by the five forces b a, c a, da, ea, and fa, be 
in equilibrium ; then draw G H parallel and equal to 
A b, through H draw h i parallel and equal to a c, 
through I draw ik parallel and equal to AD,'througn 
K draw KL parallel and equal to ae ; lastly, through 
L draw a line parallel and equal to a f, the end of 
which will be found to coincide with the point g, 
thus completing the five-sided polygon ghiklg, 
whose sides are, by the construction, parallel and pro- 
portional to the five pressures acting on the body a. 
Wlien any three pressures act upon a body in 
directions which do not lie in the same plane, then 
is the resultant of those pressures represented, both 
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in magnitude and directiony by the diagonal of a 

parallelopipedonf whose three contiguous edges re- 

present J both in direction and ■%• 5. 

amount, the three given pres- 

sures. Thus, let b a, c a, and l 

D A, fig. 5y be the three given 

pressures, all acting at the 

point a; construct the paral »> 

lelopipedon shown in the 

figure ; then will the diagonal E a represent, both in 

direction and amount, the resultant of those three 

pressures. 

The resultant of any number of pressures, acting 
in any directions, may be found by the following 
method : — First proceed to find the resultant of any 
two of the pressures, considered without reference to 
the others ; then find the resultant of this resultant 
and another of the pressures ; then of this second 
resultant and some other of the pressures; and thus 
proceed until the number of the pressures left is only 
two, when the resultant of those two, being found 
by one of the methods just explained, will be the 
resultant of the whole. 

If any number of pressures whose directions are 
oil in the same plane, are in equilibrium^ and if they 
be supposed to be moved, keeping the new direction 
of each pressure parallel to its former direction, so as 
to make them all act upon the same point, those 
pressures will still remain in equilibrium, whatever 
niay be the position of that point. Thus, let 
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B^c^DjEjF, fig. 6, be a system of pressures all acting 

L 




in the same plane, and in equilibrimn; now, let us 
suppose the pressure b to be applied to the point a, 
in the direction la, parallel to its former position, 
the pressure c to be applied in the direction ia, d in 
the direction ha, £ in the direction 6 a, and f in the 
direction ka, all parallel to their former directions; 
then will the point a thus acted upon by these five 
pressures be in a state of equilibrimn, that is, will 
have no tendency to move in any direction. 

Moments of Pressures. 

When the effect of a pressure whose direction is 
in any given plane, is considered with reference to 
some point in that plane, not situated in the direction 
of that pressure, such effect depends not only on the 
amount of the pressure, but also on the perpen- 
dicular distance of the point from the direction of 
the pressure; and the product of the pressure, 
multiplied by the perpendicular distance of its 
direction from the point, is termed the moment of 
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the pressnre about that point. For example, if b, 

fig. 7, represent a pres- Fig, 7. 

sure of nine pounds ^ 

acting in the direction » I j^ 

A 0, and it be desired -^ i -^ i ^ 

I j 

to measure its moments *i> \ 

aboutthe several points ^ 

D, E, and o, if B n the perpendicular distance of the 
line AC from the point D equal 5, ef the distance of 
AC from the point b equal 4, and gh the distance of 
the point a from the line ac equal 8, then 9 x 5 iz 45 
will be the moment of B about the point d, 9 x 4 
=36, its moment about the point e, and 9 x 8 =: 72, 
its moment about the point G. 

If any number of pre^sureB in equilibriumy and 
whose directions a/re all in the same plane, have their 
moments taken about any given point in that plane^ 
wherever situated, then the moments which tend to 
turn the plane in one direction ab&ut that point, are 
equal to those which tend to turn it in the opposite 
directi&n. For example, let the four pressures b, c, 
D, e, fig. 8, be in equilibrium, and j.- g 

let their momemts be taken about 
the point a; now the pressures c 
and D both tend to turn the plane 
about the point a in a direction 
from right to left, while the two 
pressures b and B tend to turn it 
about the same point from left to 
right, and it will be found that the 
sum of the moments of c and D 




J 
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about the point a will be equal to the sum of the 
moments of B and E about the same point, and 
therefore that the two tendencies to turn the plane 
about A in two opposite directions are exactly equal 
and balanced. 

If any number of pressures in equilibriumy and 
whose directions all lie in the same plane^ are each 
resolved into two other pressures, acting in directions 
parallel to any two given lines at right angles to each 
other, and both situated in the same plane, tJien will 
the pressures which tend to move the plane in one 
direction along either of those lines, be equal to 
those which tend to move it in the opposite direction *. 
Thus, let A B, c D, £ F, o H, fig. 9, be four given 
pressures, in equilibrium and let o n and o p be the 
two given lines at right angles to each other^ and in 

* From this theorem we deduce very simple formuls for determin- 
ing the magnitude and direction of the resultant of any number of 
pressures in the same plane. Let the three pressures a b, d c, and e r, 
(fig. 9,) be represented by P|, p^ and p^, and their angles of inclination 
( A B I, c D K, and £ F L,) with the line o p (given in position) by |i^, fi„ 
and fi^i then it is evident that the lines i B, D K, and L F represent the 
cosines of those angles multiplied by the pressures Pj, p,. and Py and the 
lines A I, c K, and L e the sines of those angles multiplied by the same 
pressures. Therefore, if we put R for the resultant, and y for its inclina- 
tion to o p» we have— 

R. C0S7»Pi . COS^i + P,. COS^j-fPj. COS/Sj 

R . sin 7 » p| . sin /Sj -f Pj . sin ^3+ P3 • 8i° fir 

From these we obtain, 

*=■ >/{(f| • cos/Sj + Pj. cosjSj. . . . -f p« . COS /5b)' 

-f (Pj . sin /3|-f pj » sin /3j . . . • -}-Pn . sin ^»)*} 

tan y « ^i ♦ sin /5| 4- Pg - »'n /?a »« " 4-F« ■ ^n /?» ^ 
p, . cos /ij + Pj . cos/Jj . . . , + p« . cos/a, ' 

where we are to take the terms positive or negative, according to thd 
directions of the pressures. 
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tbe same plane with 
the given pressures ; 
now, let A B be re- 
solved into two pres- 
sures, A I and I B 
parallel to N o and 
p, which is done 
by drawing two lines 
through the points 
A and B parallel to 
the lines n o and o P and intersecting in i ; in like 
manner, resolve c d into d k and K c, E f into e l and 
L F, and H o into h m and M g. Then the pressures 
which tend to move the plane upwards along the line 
N are K c, £ l, and m g, and that which tends to 
move it in the opposite direction is a i, which will be 
found to be equal to the sum of the other three ; 
again, the pressures which tend to move the plane to 
the right along the line o P are i b, d k, and L F,and 
the pressure tending to move it in the opposite 
direction is H M, which is also equal to the sum of 
the other three. 

Of Parallel Pressures. 

If the directions of any number of pressures are 
parallel to each other ^ then the direction of their 
resultant is parallel to them, and, if they all act in 
the same direction^ is equal in amount to the sum of 
all the pressures ; hut if some act in one direction^ 
and some in another, then is their resultant equal to 

B 
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the difference of the sums of those pressures which] 
act in each direction. Any number of parallel | 
pressures are said to be in equilibrium about a giTen 
point when, being applied on one side of a pknej 
passing through that point, the plane would be 
sustained immoveably by a sufficient pressure ap» 
plied to that point in a direction paraUel and op- 
posite to the given pressures, and would have no 
tendency to move or alter its direction. And the 
single pressure so applied to sustain the given pres- 
sures would be equal and opposite to the resultant ofl 



Fig. 10. 

r 



those pressures; and, there- 
fore, a system of parallel 
pressures can only be in 
equilibrium about a point, 
when such point is situated 
in the direction of their 
resultant. Thus, suppose 

G B, H C, I D, K £, and L F, 

£g. 10, to be five parallel 
pressures, all acting in the 
same direction, and applied ^ 
to the plane n o p q ; and let them be in equilibrium 
about the point a ; that is, let a be that point which, 
if sustained by a sufficient support on the under side 
of the plane, would prevent its being moved 'by the 
application of the pressures: then a single pressure 
If A, equal in amount to the sum of all the five pres^ 
aures, applied to the point ^ in a direction .parallel 
^ the others, will be the resultant of those pressures. 
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Center of Gravity. 



The principle of parallel pressures is of frequent 
application in determining the position of the center 
p of gravity of any complex system of bodies. For 
the weights of the several bodies are considered as so 
many pressures acting through the centers of gravity 
of each respectively, in directions which, though 
they actually tend towards the earths center, may 
practically be considered as parallel; and the center 
of gravity of the system will be situated in the 
resultant of these several pressures. The moment 
of the resultant of any number of parallel pressures 
measured from any given plane parallel to their 
directions f is equal to the sum of the moments of all 
those pressures measured from the same plane *. In 
order then to determine the position of the center of 
gravity of any system of bodies, if we measure the 
moments of those bodies from three different planes 
taken at right angles to each other, the point of 
intersection of the three resultants so obtained will be 
the center of granty of the system. As an example, 
let A, B, c, and d, fig. 11, be four bodies whose 

* If Tp Tji F3, &c., be any parallel pressures, and (fj, d^ dj, &c., their 
IKEpendicalar distenees from any. given parallel plane; also B tiieir 
resultant, and D its perpendicular distance from the same plane,, tiiis 
^and the foregoing theorem are expressed algebraically as follows : — 

B ^^ P| -f- Pj . . • • "T" F» 

P. </, -f P., d« . . . . + Pa dfrt 
jj ^ _____^^____^_ — - — — • 

■ P| 'T" Pj • • « . •T" ^« 
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common center of gravity 
it is desired to find. Let 
us assume three planes, 

EFGHy EKLH,and GHLM, 

at right angles to each 
other, and suppose the 
weights of the several 
bodies, their distances 
from each of the three 
planes, and the product 
of the two or their mo- 
ments to be as stated in 
the following table : — 
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48 


QB «18 
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a B»35 


210 
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4 


RC « 13 


52 


s c « 5 


20 


c c - 13 


52 


D 


2 


T D « 21 


42 


cjD ~ 25 


50 


ZD»12 


24 




20 




246 




250 




638 






' 1 




' ' 1 



Now from this table we perceive, that the sum of 
the moments of all the bodies, measured from the 
plane e f o h, is 246 ; from the plane E k L H, is 250; 
and from the plan^^ 6 h l m, is 638 ; then, since the 
moment of the resultant of these pressures, measured 
from each of these planes, is the same as these sums, 
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and since the amount of the resultant is equal to the 
sum of the weights, or 20, it follows that, if we divide 
the above sums by 20, we shall obtain the distance 
of the resultant, or of the common center of gravity, 
from each of the three planes. Thus W = 12'3 is 
the distance w v of the centre of gravity of the whole 
of the f^r bodies A, B, c, and d, from the plane 
E F Q H ; Vo* = 1^^2*5 is its distance v x from the plane 
E K L H ; and V^ =31*9 is its distance v Y from the 
plane 6 h L M ; and thus its position is accurately 
determined. 

DYNAMICS. 

Laws of Uniform and Variable Motion, 

In the foregoing section we have considered only 
the action oi pressures upon bodies at rest, and have 
shown how to determine the resultant of any number 
of pressures acting in any given directions, that is, 
how to determine the direction in which another 
pressure must be applied, and its magnitude, in 
order that it may produce the same effect as those 
pressures for which it has been substituted. We 
have now to examine the action of forces in produce 
ing or maintaining motion in bodies. The whole of 
the foregoing propositions, which we have given as 
appertaining to pressures, are equally accurate as 
applied to moving forces, and merely require the 
substitution of the word " force " for " pressure." 
Thus, that given at page 11, would be, as applied to 
Dynamics, " Tfte resultant of any two moving 
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foi'ces is represented^ bath in direction and amaunty 
by the diagonal- of a parallelogram whose two a^a- 
cent sides represent^ in direction and amount, those 
two pressures.'" That is (referring to fig. 3, on the 
same page)9.if a force be applied to a body at a, in. 
t^e direction a b^ such as would cause it to mo^e 
over the space represented by a B in a gi^n time, 
and another force be at the same instant applied to 
A in the direction a d, and such as would cause it 
in the same given time to move over a d, then the 
space which the body a will actually describe in that 
time, under the simultaneous and joint influence of 
these two forces, will be represented both in direc- 
tion and magnitude by the diagonal a c of the paral- 
lelogram oonstmctedi on a b and a d; and any single 
force, as a e, applied in a direction opposite to a. c, 
and.equal to it^ would have produced the same result 
or amount of motion in the body A, and therefore 
G A is the resuUant of those forces. 

We have already stated that a body at rest would 
always remain so, unless acted upon by some ex- 
ternal force, and that this property of matter, is 
termed its inertia. If, however, a body be perfectly 
free to move, that is, have no forces whatever re- 
sisting or opposed to its motion, save only its owa 
inertia, then will the application of any force, how-, 
ever small, cause the body to move, whatever may 
be its size : thus, were a polished globe to be placed 
on a perfectly smooth and level plane, and the re- 
sistance of the atmosphere and of friction entirely 
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removed, then would the application of the smallest 
conceiyahle force impart some motion to the globe, 
whatever might be its size, which motion would con- 
tinue undiminished after the removal of the force, 
the globe continuing to move forward in the same 
direction and with the same velocity for ever. The 
velocity of a moving body is measured by the space 
which it passes over in a given time, usually assumed 
to be one second ; and the velocity which any force 
would impart to a body, or the space which it would 
cause it to move over in a given time, would be in- 
versely proportional to the magnitude of the body ; 
that is, if the same force were applied to two bodies, 
both free to move, one double the weight of the 
other, the lighter body would be made to move with 
double the velocity of the other. In order to make 
this, which is one of the fundamental propositions 
in dynamics, perfectly well understood, we shall 
illustrate it by one or two familiar examples. Sup* 
pose two boats, one very much larger than the other, 
drawn towards each other by a rope, fixed to one 
and gradually wound up in the other, and suppose 
that the resistance offered by the air and water to the 
free motion of the vessel was entirely removed, then 
would they approach each other with velocities in- 
versely proportional to their weights; that is, the 
space which the lesser boat would move over in any 
given time would be as much greater than that moved 
over by the other, as the weight of the latter exceeded 
AaX of the former. Or suppose two bodies con* 
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nected together by an inflexible bar, itself devoid 
of all weight, and let one body be four times the 
weight of the other, then let some external force 
cause these two bodies to revolve round each other, 
and it will be found that the circle described by the 
lesser body will be four times as great as that 
described by the larger one. 

The inertia of a body, or the force required to im- 
part a given velocity to it, does not depend upon its 
mere bulk, but upon the actual quantity of matter in 
it, which depends upon its density and mass con- 
jointly, and is accurately represented and measured 
by its weight, or the force with which it gravitates to 
the earth. 

If a force act upon a body only for a very short 
period, and then cease, the velocity imparted to the 
body will remain constant, and it will continue to 
move onward with the same speed for any length of 
time; a body under such circumstances is said to 
move uniformly, or to have a uniform velocity, and 
the measure of such velocity is usually the space 
which it passes over in a second of time. If, how- 
ever, the force be supposed to continue its action 
upon the body after its first impulse, then will the 
body continually receive accession to its velocity, 
and move over a larger space each successive second. 
If the force remain constant in its amount, then will 
the additional space moved over by the body in each 
successive second be equal : for example, if in the 
first second it moved over a space of one foot, and 
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in the second second over a space of three feet, then, 
if the force remain uniform, in the third second it 
will move over a space of five feet, and in the fourth 
of seven feet, every successive second moving over a 
space two feet larger than that which it described 
during the previous second. A body thus acted 
upon by a constant force, and moving according 
to the above law, is said to move with a uniformly 
accelerated velocity. If, however, the force does not 
remain constant, but varies in its action, and causes 
the velocity of the moving body to increase according 
to any other law, then the body is said to move with 
a variably accelerated velocity. 

In like manner if a body, having had a certain 
velocity imparted to it by a force which has ceased 
to act, be subjected to a constant force opposing its 
motion, then will its velocity be gradually diminished ; 
and in losing its velocity it will follow the same law 
which it observed in acquiring it, that is, the differ- 
ence between the space described in each two suc- 
cessive seconds of time will be always the same. A 
hody so moving is said to have its velocity uniformly 
retarded. If, however, the opposing force is not 
constant, but varies in its action, then will the 
decrease of the body's velocity follow some other 
law, and it will be said to move with a variably re- 
iarded velocity. 

The velocity of a body whose motion is variable 
IS expressed at any given moment by the space 
which it would have described in a second, if its 

B 3 
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T^eloeity had continued for that time die. same aa^ at 
the given moment. 

Motion of Bodies about Centers. 

When a body moves, through space without De- 
volving^ sothat evetj part of it moves with the same 
velocity and in the same direotion, as-.in the case of 
a. body slicing along a. plane surface, it is then said 
to have a motion of tranddtion* lU however, any 
point in the body is stationary while the remainder 
of the body is in motion, it must revolve about that 
point, and is tiien said to. have a rot€Uory motion ; 
and the length of the arc described, by any point in 
t^e body in any given time, as a second, is called 
its angular veloeity. The motion of a body may be 
partly an angular motion* and partly one of transla- 
tion^ an instance of which is afforded by the motion 
of a bullet discharged from a. rifle, which, in addition 
to die direct progressive motion imparted to it by 
the impulse of the powder, has arotatorymotiongiven 
to it by spiral grooves formed for that purpose on 
the interior of the barreL And we hav« a furdier 
instance in the paddle-wheels of a stieam-boat, which 
are carried forward with the boat while they simul- 
taneously re\x)lve on their axis. 

When a body previously at rest has motion im- 
;)arted to it by an impulsive force, if the* direction 
in which the force acts pass through its center of 
gravity, the motion, is that of ttanslation only, the 
body having no tendency to revolve in either direc-p 
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tioii. If, however, the. direction of the force pass on 
one side of the center of gravity, the motion will be 
partly one of rotation and partly of translation,, and 
will be subject to this remarkable law, — tliat the 
motion of rotation will be such as would have been 
produced had the bodp beenjixed on an axis pacing 
through its center of gravity so that tliere could have 
hem no motion of trandation^ and the motion of 
tramlation such as would liave been produced had 
ike force been applied in a direction passing through 
its center of gravity so that there could have been no 
rotation. 

For instance, let the rec- 
tangular body AB, fig. 11^, 
be struck in the point p by 
an impulsive force, such as 
would, if it had been applied 
at the center of gravity g, 
bave caused the body to 
move with: a motion of trans- 
lation into the position c d 
in a given time, or if applied 
at p and die body con- 
strainedi to move on a fixed 
axis passmg through ita center of gravity g, would 
have caused it in the same time to assume the angular 
position, s F ; then will the body A B really assume 
the posiitaon. H- 1 parallel to B p, its center of gravity 
havdng moved over the same space as it would have 
done upon the first supposition, while die. body itself 
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has moved about its center of gravity through the 
same angle as it would have done upon the second 
supposition. Now, wherever the point P in which the 
body is struck may be situated, its center of gravity 
will move forward with the same velocity; but its 
angular velocity will depend upon the distance of 
the point p from the center of gravity, about which 
center it will always, and under all circumstances, 
rotate. If, therefore, the force act upon the body at 
a point near one end b, the angular velocity of the 
extreme points, both at a and b, will be greater than 
the velocity of the center of gravity ; and, as the end 
A is moving in a direction contrary to that of the 
center of gravity, it will actually at first move towards 
the side struck, with a velocity equal to the 
difference of its angular velocity and the velocity 
of its center of gravity. As, however, the angular 
velocity is less as we approach o, there will be a 
certain point (as r) between A and o, where it is 
exactly equal to the velocity of the center of gravity, 
which point therefore will remain stationary when the 
body first begins to move, the parts between R and a 
moving towards the force, while those between R and 
B move away from it. This point R is called the 
center of spontaneous rotation^ and may be defined 
to be that point which is the last to move when a 
body is struck, or about which it instantly com- 
mences to rotate ; and the point p in which the body 
is struck is called the center of percussion. The 
distance of the point r from the center of gravity 
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depends upon the distance of the point P from the 
same, the former increasing, as the latter decreases : 
when the point P is at the end of the body b, the 
distance R g is one-sixth of the length a B ; as the 
point p moves towards G, the point R moves from 
it, until, when the distance g p is one-sixth of the 
length A B, the point R coincides with the end A ; and 
if the point p approaches still nearer to G, the center 
of spontaneous rotation is then situated somewhere 
heyond the end A of the body, the distance between 
it and the center of gravity increasing rapidly as p 
approaches g, until, when they coincide, the distance 
becomes infinite, or, as before stated, the body has no 
rotation. 

The centers of spontaneous rotation and of per- 
cussion are reciprocal ; that is, if R is the center of 
spontaneous rotation when the body is struck in the 
point p, that same point would become the center of 
spontaneous rotation if the body were struck in the 
point R. 

If the body were to be suspended at either of the 
points R or p, so as to vibrate as a pendulum, it 
would perform its oscillations in the same time as if 
the whole of the matter of the body were collected 
in the other point p or r ; that is, if the center of 
spontaneous rotation of any body be taken for the 
center of suspension, the corresponding center of 
percussion will be the center of oscillaiiofi of that 
body. 

The center of percussion is that point in a revol v- 
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ing body in which any other body should be struck 
in order to produce upon it the greatest effect, the 
whole of the moving force of the revolving body 
being then imparted to the opposing one. 

In a body revolving about a fixed axis the moving: 
force of any particle is proportional to its distance 
from that axis, and is equal to the weight of the 
particle multiplied by the square of that distance. 
Therefore the whole moving force of the body is 
equal to the sum of the products of all its particles 
multiplied by the squares of their distances from tbe 
axis of motion, and this sum is termed the moment 
of inertia of the body about that axis. If the 
moment of inertia be divided by the whole weight of 
the body, the quotient is the distance from the axis 
at which, if the whole of the matter of the body were 
collected, it would have the same moving force as 
before, which distance is called the radius of gyration^ 
for that axis. 

The following table contains the moment of inertia 
of several bodies, and also the radius of gyration of 
each. 
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Defcription of body. 






A slender rod, reyolr- 
Ing about one end; /■» 
the lengthy and a » the 
area. 

A rectanguUr parallel- ' 
opiped, revolvinff about 
an axis passing wrough 
its center of gravity par- 
allel to one oiP its edges, 
which edge »/<, the other 
two edges =6 and d. 

A cylinder revolring^ 
upon Its axis; A»the ^ 
height, and r » the ra- 
dius. 

A cylinder reToWing 
Qpon an axis passing 
through its center of - 
pravity, perpendicular to 
Its own axis. 

A hollow cylinder, re- ^ 
Tolving about its axis; 
A=sthe height, r«athe 
mean radius, and t » the 
thickness. 

A cone, revolving upon 
its axis; h »» the height, . 
and r = the radius of the [ 
**~se. J 

A sphere, revolving ^ 
about any diameter; r= I 
radius. J 



Momant oi Inartia* 



12 



l'5706Ar« 



7854Ar'(rHW 



6-28dA 



r<r.+J) 



'31416 An 



l-6755r* 



Radial of gyratian 
_ / niome nt of lnf tU 
~ *^ nuui of body 



•57785/ 



•28867 v^(6»-|-rf') 



•70711 r 



2 



^H+j 



•5477r 



•69246r 



If the moment of inertia of any body about an axis 
passing through its center of gravity be known, its 
moment of inertia about any other axis, parallel to 
the former, will be "equal to the weight of the body 
multiplied by the perpendicular distance between the 
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two axes, added to the moment of inertia about the 
axis passing through its center of gravity. 
lig. 11". In the annexed figure (11**) let R repre- 
sent the center of spontaneous rotation, c 
the center of gravity, g the center of gyra- 
L tion, and p the center of percussion, of the 
rectangular body a b ; then R c is to r 6 as 
R G is to R p, or the distance of the center 
of gyration from the center of spontaneous 
rotation is a mean proportional between the 
distances of the center of gravity , and the 
center of percuss^ion from the center of spon* 
V taneous rotation. 
In the following table we have given the values of 
K c, R G, and R p in a rectangular rod, as a b, when 
the point of spontaneous rotation is taken succes- 
sively at every tenth of the half length a c ; the 
length of the bar being taken equal to 20. In this 
table it will be observed that the distance between 
the center of spontaneous rotation and the center of 
percussion decreases as the fonner approaches the 
center of gravity, until it reaches a certain point, 
after passing which) it again increases, until upon 
R and c coinciding, it becomes infinite ; when this 
takes place, the center of gyration is then called the 
'principal center of gyration. 
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DisUnce of the 
cmter of spon- 
taneous rotation 
ftom the end ▲ 
of the bar. 


Distance between 
the center of spon- 
taneous rotation 
and the center of 
gravity. 


Distance between 
the crater t>fs|K>n- 
taneous rotation 
and the center of 
gyt&tion. 


Distance between 
the center of spon- 
taneous location 
and the center of 
percussion. 





10 


11-546 


13333 


1 


9 


10693 


12-704 


2 


8 


9^856 


12167 ^ 


3 


7 


9074 


11-762 


4 


6 


8-327 


11555 


5 


5 


7638 


11667 


6 


4 


7-024 


12444 


7 


3 


6506 


14111 


8 


2 


6110 


18-667 


9 


1 


5-859 


343^3 


10 





5773 


" i 



Of Vis Viva and Momentum. 

The mechanical effect^ or, as it has been appro* 
priately termed, the work which a moving force per- 
fonns, is measured by the weight which it moves 
through a given space. We have already explained, 
that when a pressure is applied to a body free to 
move, and continued for some definite time, a 
certain velocity will be imparted to that body, 
and the amount of that velocity will be in direct 
proportion to the time that the pressure has con- 
tinued to act. Now the mechanical effect, or work 
which has been expended in thus imparting motion 
to the body, has not been lost, but has been accu- 
mulated in that body, and will be reproduced upon 
any force being opposed to the body's motion in 
overcoming such resisting forces, and the body will 
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not be brought to a state of rest until it has per- 
formed an amount, of work precisely equal to that 
originally expended upon it in acquiring its motion. 
The work thus accumulated in a monng body, and 
ready to be imparted in overcoming any force opposed 
to its motion, is equal to half its vis viva, or linng 
force, and is directly proportional to the square of its 
velocity*; that is, the amount of work which two 
bodies of the same weight, but moving, the one with 
double the velocity of the other, would perform in 
being brought to a state of rest, would be four times 
as great in the case of the quicker moving body as 
in that of the slower. But if the resisting force, in 
overcoming which the vis viva of the moving bodies 
is supposed to be expended, be uniform in its action, 
then will the time occupied by it in bringing the 
quicker moving body to a state of rest be just double 
that required in the case of the slower ; and there- 
fore, if we only considar the work which the two 
moving bodies are capable of performing in the same 
time, which amount is termed their momentum, it 
will be only proportional to their velocity. By way 
of recapitulation, then, in order to render the matter 
quite clear, the force of a moving body, or the work 
which it will perform in a given time (that is, its 

* If w represent the weight of a body, v its velocity in feet per 
second, v its vis viva, and g the force of gravity, equal 32^ ; then w& 
have for the vis viva of a moving body, 

V = —10 v^. 
9 
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7nomentum)f varies as its velocity multiplied by its 

weight ; but its whole accumulated force, or the total 

amount of work which it will perform, no mailer in 

what time, in being brought to a state of rest (that is, 

half its vis viva), varies as the square of its velocity 

multiplied by its weight. In order to illustrate this, 

let u& suppose a railway train, of a certain weight, in 

motion upon, a perfectly level and straight railway, 

and let us assume that the resistances opposed to its 

motion are the same, whatever may be its velocity, 

the practical incorrectness of this assumption not 

affecting our present object. Imagine the velocity 

of the train to be fifteen miles per hour, and let it be 

desired to bring it to a state of rest at a station which 

it is approaching; suppose that the engine driver, 

judging from experience, shuts off the steam at a 

distance of a mile from the station, and that the 

resistance experienced by the train in moving over 

this mile is just sufficient to bring it to rest at the 

station, the time occupied in passing over the mile 

being six minutes. Now if we again suppose the 

same train to be moving with a velocity of thirty 

miles per hour, and it be desired to stop at the 

station, then, the resistances being the same as before, 

it will in this case be necessary to shut off the steam 

at a distance of four miles from the station, in order 

that it may be brought to a state of rest there, and 

the time which the train will occupy in passing over 

these four miles will be twelve minutes. Again, let 
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two bodies, both of the same weight, be projected 
upwards, one with double the velocity of the other, 
and suppose the resistance of the air removed, and 
only the force of gravitation, perfectly uniform in its 

action, to be opposed to the motion of the bodies ; 

* 

then will the body projected with twice the velocity 
rise to four times the height, against the same resist- 
ance, before being brought to a state of rest, but it 
will occupy, in doing so, twice the time similarly 
occupied by the slower body. 

Motion Uniformly Accelerated. 

The following propositions express those relations 
between the spaces, velocities, and times of bodies 
moving under the action of constant forces, which 
are of most frequent and general application *. 

The velocities generated in a body, in a given 
time, by the action of a constant force, are directly 
proportional to the amount of that force. 

* If r represent the velocity of a body in feet per second, moving 
under the influence of the uniform force f, and s the space which it 
passes over in any time t, the following formulae express all the relations 
between those quantities: — 

._v _2s _ 2.9 
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The velocity generated in a body by the action of 
a constant force^ at the end of any given time, is 
directly proportional to that time. 

The spaces passed over in each successive second 
(or other equal portion of time) by a body under the 
action of a constant force, are directly proportional 
to the series of odd integers, 1, 3, 5, 7, 9, &c. 

The space passed over by a body, under the action 
of a constant force, from the commencement of its 
motion, is directly proportional to the square of the 
time which it has been in motion. 

The velocity which a body will acquire in moving 
over a certain space, under the action of a constant 
force, is directly proportional to the square root of 
that space. 

The space passed over by a body, under the action 
of a constant force, from the commencement of its 
motion, is half that which it would have described in 
the same time had its velocity been constant and 
equal to its final velocity. 

In order to exhibit these relations at one view, and 
to render their connection perfectly well understood, 
we subjoin a table showing the velocity generated in, 
and the space described by, a body under the action 
of a constant force for certain portions of time, and 
also the spaces passed over by the body in each 
successive portion of time. 



I 
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Time of the 
force's action. 

i 


Velocity 

generated in 

the body. 


Spaces 

described in the 

whole time. 


Spaces 

described in 

each sQccesshre 

portion of time. 


1 

8 
4 
6 
6 

7 


2 

4 

6 

8 

10 

12 

14 


1 
4 
9 
16 
25 
36 
49 


1 

3 
5 
7 
9 
11 
IB 



Motion under the Influence of Gravity, 
The force of gravity being constantly the same, 
both in its direction and amount*, has been univer- 
sally employed as the unit of measure for all other 
forces, or the standard with which all other forces 
are compared. Its actual amount in the latitude of 
London, as measured by careful experiment, is such 
that it would cause a body to fall through a space 
of 386-289 inches, or 32J feet nearly, in the first 
second of time, supposing the body to fall in vacuo, 
or to experience no resistance in its passage through 
the air. 

' In order to determine the »pace which a body 
falling freely by the action of gravity would describe 
in a given time, we must multiply the square of the 
time in seconds by lO^V (^> ^^ ^^ approximatiop 

* The force of gravity is not actually constant, as it yaries in propor- 
tion to the square of ^e distance from the earth's center; but this 
difference is so small, that if the force of gravity at the earth's sur&ce 
be represented by '10000, the force a mile above the surface would be 
•9994. 
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only, simply by 16); the product will be the space 
fallen through by the body, in feet. To determine 
the time which a body would occupy in falling from 
a given height, we must divide the square root of the 
height in feet by 4 ; the quotient will be the time oc- 
cupied in seconds. To determine the velocity which 
a body exposed to the action of gravity for a given 
time would acquire, multiply the time in seconds by 
S2i, and the product will be the velocity in feet per 
second ; or to determine the velocity acquired by a 
body in falling from a given height^ multiply the 
square root of the height in feet by 8^ (or, as an 
approximation, simply by 8), and the product will be 
the velocity of the body in feet per second*. 

The following table, constructed on the same prin- 
ciple as that given above for any force tohatevery 
contains the actual numerical values of the several 
quantities for a body falling freely by the action of 
the force of gravity. 



Time, in 
seconds, of the 
^body's felling. 


Velocity 

acquired by the 

body in feet 

per second. 


Space, in feet, 

fallen through 

by the body in 

the whole time. 


Space, in feet, 

fallen through 

by the body in 

each second. 


1 
2 


8H 
644- 
96| 

160«, 

193 

236^ 


16tV 
64 i 


16J5 

48 i 


4 
5 
6 

7 


144 f 
257 i 
402^^ 
579 

788^V 


80 A 
1124, 
144 1 

176H 
209^ 



* If y or 32i be aubetituted for/ in the formula giren at the foot of 
page 36, they will express the relations between the spaces, Telocities. 
utd tiroes of bodies moving under the influence ofigravHy. 
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Motion down Inclined Planes. 

When a body by the action of gravity is made to 
move down an inclined plane, the accelerating force 
is diminished in the ratio of the length of the in- 
clined plane to its height, and consequently the time 
occupied by the descent is increased in the same 
proportion ; the velocity of the body, however, upon 
reaching the bottom of the incline, is the same as 
if it had fallen freely through the height of the in- 
clined plane, and is quite independent of the length 
of the plane or of its inclination, the effects of 
friction being disregarded. Thus, let a c and 
c D, figure 12, be two inclined planes, both having 
the same vertical height A b or j^, . 

D E, but difiering in length, and 
consequently in their rate of in- 
clination; now the gravitating j 
force down the inclined plane 
A c, would be to the natural force of gravity, as 
the height of the plane A b is to its length a c, and 
the time which a body would take in descending 
the incline, would be to that in which it would freely 
fall through the height a b, as the length a c is to 
the height A b; in like manner the force down the 
incline D c would be to the force of gravity, as its 
height D E is to its length D c^ and the time of a 
body's descent to the time in falling through the 
same height, as the length d c is to the height n E : 
but the velocity acquired by the body in descend- 
ing the inclines would, in both cases, be the same 
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* 

as that which it would have acquired in falling 
freelj by the action of gravity through the vertical 
height A B or D E of the inclines. 

Friction. 

We have hitherto only considered the motion of 
bodies as influenced by the resistance offered by 
their own inertia; there are, however, in practice 
many other causes of resistance which oppose the 
motion of bodies, the principal of which are those 
arising from friction, and the resistance caused by 
the medium through which the body moves, usually 
either air or water, and the amount and effects of 
which resistances we will proceed briefly to ex- 
amine. 

We have already stated, that did the air offer 
no resistance to the motion of bodies, and were 
there no friction, then would the smallest conceiv- 
able force be sufficient to cause same motion in a 
body however large; that is, it would cause it to 
pass from a state of rest to one of motion, although 
if the force were very small and the weight of the 
body considerable, it would require to be applied 
for a great length of time in order to impart to the 
body a high velocity. Now we know that, in prac- 
tice, some considerable force is required to put a 
body of any weight in motion, and the force so 
required merely to change the state of the body 
from rest to motion is the measure of the friction of 
the body against those substances with which it may 

o 
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be in contact. Again, a .certain velocity having 
been impafted. to a body, vte rtated that it would 
continue to move for ever without the application of 
any further force ; but we know that, in practice, a 
certain constant force would be required to continue 
the motion of a body undiminished^ and 4Siich force 
is the meaisureo^f the fiic^o)^ caused by the motioo 
of the hfody. t Now we? have heifeiiwrb d^ereot^- 
cies -of frietion, that arising from Ae mere conttet 
of t}fe-ftftrfi9ice8,'whieb opposes th^ oommeneemeat 
of motion, and which- must be overcodief before the 
body wiU' move at all; and that whicli arises ii*oin 
the two surfaces rubbing against ar voviag: over 
each other, which is continually acting «pon the 
body during its motion, and requires the application 
of a constant force to overcome it, and maintain the 
body's velocity undiminished. The first of these 
has been termed the friction of qme^cence^ and the 
\a^XmiSskQfric¥ml,4)f motion. , . 

The amount of fidction varies with itbe aaiure of 
the surfaces in contact,^ or rubbing agauist each 
other, and may be greatly modified a»d reducadi hy 
the inteiposition of certain substances, such^as tal- 
low and oil, between the two surfaces ; these sab- 
stanees are termed unguents, -It has i beeu. found 
that the aunount of friction is entirely ii^ependent 
of the e^teilt of the two rubbing sur&ces,. dr;of the 
velocity with -^whifih they movei upon each other; 
but that it vaiie& directly sLs the force with which 
the two surfaces are pressed together, or that, sup- 



CIVIL ENGINEERING. 



43 



posi&g the Bur&ces to remain the same, the friction 
would increase in the same proportion as the pres- 
sure upon ihe surfaces uras increased, so that one 
wmiM alviaysiboar the same ratio to.tlie .Qtfaer. The 
amgimnt : r^tio thus sub^^ting I^w^q ;(th^ weight 

m 

and the friction for the s9a9e .-two. surfag^^ y^idor the 
same fircumstance&^ whatever that weight may be 
(witbifii celliidii Ihsitc^), h^s been termed the coefficient 
offrictiony and its values for severe) <^ffere^t sub- 
stances, are exhibited in the subjoined tab|)e|,' 



Af. Marines Experiments on the. Friction of Sur- 
faces injilotion on each^ther. 



4 • it . • 


• • 






^bstancef In Ctetact 


• CoeiBcleni 
ef . 


Limitir 


Iff Angle 


• • 


Friction. 


Resistance. 


Hard calcareous stone, on hard cal- 








careous stone . ; ■ ; » 


•64-. 


82° 


ar 


Soft calcareous stone, on soft cal- 


• 






careous stone .... 


•88 


90 


49 


Oak on oak, (fibres j)arallel) . 


•48 


25 


39 


Id. (fibres perpendicular) . 


•34 


18 


47 


Oakand^ekn ob ontflrod ... ^ . . 


•38, 


20 


49 


Elm onoak . ... 


•45 


24 


14 


Irotftmoa^ . • . • 4 ' . 


•62 


SI 


48 


n on elm .. . . « 


•25 


14 


2 


» oh iron . .-.*." 


»24 


7 


58 


t, on ci^t ffiQ9 *i4 llTMS . . ■ ^ 


•18 


10 


12 


Cast iron on. oak . . ., 


•49 


26 


33 


„ €i»ellfe^ . . 


•ao 


]1 


19 


» on cast iron . 


•15 


8 


32 


Brass on brass .... 


•20 


11 


19 


,» on cast iron .... 


•22 , 


12 


25 


>» on iron • . 


•16 


9 


6 


Copper on oak « ^ ' . v . . 


•62 


81 


48 


Leather belts on wooden pullies 


•47 


25 


11 


„ on dBst irdh j^ullies . 


•28. . 


15 


39 



c 2 
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All the above values are without the interposition 
of any unguent. 

The coefficients for stones depend greatly upon 
their hardness and the smoothness of their beds, 
and vary from *58 to '84, the limiting angles of 
resistance varying from 30® to 40®. The values ol 
the coefficient of friction, and of the limiting angle 
of resistance for different kinds of earth, will be 
found at page 69. 

When the quantity of the unguent is sufficient 
to cause an entire separation between the two sur- 
faces, it has been determined by the experiments of 
M. Morin that with either hog's lard, olive oil, or 
tallow, the coefficient of friction for wood on wood, 
wood on metal, metal on wood, or metal on metal, 
is nearly constant, and is between '07 and '08 ; the 
only exception being in the case of metal on metal 
with tallow as an unguent, when the coefficient was 
found to be about 'lO. 

The friction of quiescence has been found to 
increase when the surfaces have remained in con- 
tact for a considerable length of time. It has also 
been found that the friction of quiescence may be 

removed or reduced to the state of the friction of 

« 

motion, by giving a sufficient shock to the two sur- 
faces in contact. 

If a body be situated on an in- Fig, 18L 

clined plane, the length of whose ji^ 
base CB, figure 13, bears the same c 
proportion to its height a c as the 
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weight of tbe body does to the coefficient of its fric 
tion against the surface of the plane, then the body 
will be upon the point of sliding down the plane ; 
and if any motion were imparted to it, it would con- 
tinue to move as if entirely uninfluenced by fric^ 
tion. If a body placed on a plane surface d e, 
figure 14, be actei upon by a force whose direction 
is such that the angle a B c, j.. ^^ 

which it makes with the per- , 

pendicular to the surface d £, is 
the same as the angle a b c* of 

the inclined plane, figure 13, m 

then will the body be upon the 
point of sliding along the surface, whatever may be 
the amount of the force, and if the angle a b o be 
increased by ever so small an amount, motion will 
ensue. The angle a b c has been termed by Pro- 
fessor Moseley the limiting angle of resistance ; 
its values for several different substances are con- 
tained in the third column of the table at page 43. 
This proposition is of great importance in the in- 
vestigation of the stability of walls and arches. 

Resistance of the Air. 

We have next to consider the resistance which 
the air offers to the motion of a body passing 
through it. The amount of this resistance depends 

* The angle a b C, or the limiting angle of resistance, is that 
angle whose tangent equals the coefficient of friction, radius being 
unity. 
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upon the fotm of the body in motion, bat we sbafi 
confine ourselvies to the case in whieb tbe body 
presents a flat surface. Under th^se civetnasta&ces, 
the amount of resistance has been found to be f»o- 
portiot^al ko the area of the stirfae^ exposed, and to 
incifease as the square of the yelOcity with wbkb 
the body mores ,- it also depended iipon the dep4h or 
thickness of the body, the resistance being greater 
against a thin plate than against a cube or prism, 
with the same front surface. The resistance of tbe 
air in pounds against a thin surface is foond by 
multiplying the area of the surface in square feet 
by the square of the velocity in feet per secc^cl, 
a!>d by '0017; if the body is a cube instead of a 
platiei, the resistance equals the area of the front 
surface multiplied by the square of the velocity and 
by '0014; and if a prism whose length is three 
times the side of its front surface, the resistance 
equals the area of the front surface multipKed hy 
the square of its velocity and by 'OOIS. 

Resistance of Water. 

The resistance which water offers to the motion of 
a plane surface follows the same law as that of air; 
that is, it is proportional to the area of the sin&ce, 
and to the. sqi^re. of its. y^oqjXj. , jT^e amo^pt of 

lhi^:9e$istwee, ift povn4s£Mrill:l;^o|bund,7by ij^ultir 

plying the area of the surface in scjuare feet by the 

jsquarfe ,oi its vdocit^ ii feet pqr sedb^J^ aijid'bjf /Of §; 

It has been observed by Dubuat, both in the .case 
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of air and water, thai the reawtatice to a body moTing 
through them with a certain velocity isless than the 
resistance of the air or wader when moving witli the 
same velocity against the body at rest^- ^ 



CHAPTEE IIL 

GBKB&AL CONSTiUOrriOK. 
MECHANICAL PRINCIPLES OF CONSTRUCTION. 

^fuilibrium of an Assemblage q^ Beaffis. ,, . 

Wb shall now proce^ to the ptactical application 
of the principles which have h^eti detailed in the 
{receding chapter ; and in doing ao shall commence 
with the simfdest ease, that of two beams, ab ajsid AC, 
figure I5y resting against jr^. ia. ' > 

each other at their upper 
extremities, and against 
two wsdls at their lower, 
and sustaining a weight 
suspended from a; and 
we shall proceed to ex- 
amine the strains, both on the beams and on the 
walls,: occasioned by. this weight Let the weight 
sitspended''fii»ttiji('lle» Hepresevtted ^ tbe,ii|fe ad; 
draw^'lB^arilllettd ac^ aod^d^' psLralkl' to*AiB; also 
^aand^PG^petpendieukR^ Ai)^ thini^ by-the-ptin- 
tipte a A^^pBonJ^ls^aia ef 'pvessuidB '^xplsdned at 
page:!!,^ tko stcaipr;onl AB in tbeiidirectfeii: ef its 
tengthlateptes^nted by fA'E, and'that on ko bv af. 
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Now, each of these strains may be resolved into two 
others, one acting vertically upon the wall in the 
direction of gravity, and the other acting horizontally, 
and tending to push the two walls asunder. Thus 
A E may be resolved into the strain a g acting verti- 
cally, and E G horizontally ; and a f into the strain 
A H acting vertically, and h f horizontally. Now, the 
two triangles ae o and dfh being equal, the similar 
sides H D and a g are equal ; and therefore the two 
vertical strains ag and ah are together equal to ad, 
or the weight suspended from a ; that is, the whole 
weight borne by both walls is equal to that sus- 
pended from a ; but the amount borne by each wall 
depends upon the relative inclination of the two 
beams. It must further be observed that the lines 
E G and H f, representing the strains acting hori- 
zontally, are equal; that is, whatever may be the 
relative inclination of the two beams, their horizontal 
thrust against the walls is the same, and is equal 
to that with which they press against each other 
at A. 

Let fig. 16 represent a system of*framing, composed 
of four beams, united together in such a manner as 
to form a polygon, and so connected at the points 
c, D, E, f, and g, as to admit of motion about those 
points ; so that the beams are not rigidly fixed in 
the position shown in the diagram, but are free to 
assume any other form which any external force 
applied to them might tend to produce. Further, 
let us suppose weights w^, w^, and Wy, to be sus- 
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Fig, 16. 




pendedfrom the points d, e, and f, and so proportioned 
to each other that the framing, under the influence 
of the strains which they produce, is in equilibrium, 
or has no tendency to alter its form. Let the lines 
D rf, E ^, and f/, represent the weights applied at the 
points D, E, and f, and let each of those weights 
be resolved into the strains which they produce in 
the two contiguous beams, by constructing the paral- 
lelograms DH^i, EK^L, and fm/n. Then the 
lines D I and e k will i^present the two strains acting 
in opposite directions upon the beam de, and el 
and FM will, in like manner, represent the two strains 
acting similarly upon e f. Now, since the whole 
^stem is in equilibrium, and all its parts free ta 
move, it follows that each of its several parts, and 
therefore the beams d e and e f, must also be in 
equilibrium ; such being the case, it results that the 
strain represented by d i must be equal to that re- 
presented by EK, otherwise the beam de would 

c 3 
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move in the direction of the greater strain^ and, in 
like manner, the strain el must be equal to fm. 
Now, let each of these strains be resolved into two 
others, acting vertically and horizostalljr ; then will 
the latter be represented by the lines o i, p k, q l, 
R M, and s N. Now, since d i, e e, and ^ l are all 
equal, and the triangles dio, eep, and &lq are 
similar, the lines o i, P E, and Q L, and therefore the 
strains which they represent, must all be equal. 
Again, since el, f m, and/N are all equal, and the 
triangles e L Q, f M R, and /n s are similar, the lines 
Q L» R M, and. &N, and therefore the strains which they 
represent, must all be equal. That isy in a system of 
polygonal jtramingf whose several parts are in eqm- 
libriumt the hoxizot^tal strain or thrust at all the 
joints i^ the same. 

Le^vus now draw through i ^e lime i t parallel to 
E F,.^d the Un€^ lu parallel to f a; .thenysiiK^ oi is 
equal tp- q l, and (t i bein^; parallel to R i;.). t^ angle 
ELQs^oriiar tP tj% it follows that ti must, be equal 
to B;lf^, In lik^ manner, s n being equal to ai^^ and 
the $f^e 'F,}f s^ similar to u i o^ u i must be equal to 
FN. » ^jiinoe, ; then, the lines el, ^ml f n represent the 
strains. Qu thetbeai^is ef andFG^^sc^ do ali^ the.li&ies 
T I and . u I ; tfterqfore in a ^ysiefn ,of ^olygjQfad 
framin^g tfhpse several parts <^rf in ^^Uiia-ium^th 
strains onthe^s€^vet:al beams^ia the diregtipQ..,af tfieir 
lengthsj are represented by lines dra^n^ tJbi;o$tg^^ a 
given poin^ parallel' to those directions j a^d^Uinited 
by a gi'oen veQ-tical line* . • 
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lu like manner, it mBj be shown tlial the poftions 
nr and td of the vertical line v dy cut off by the Hues 
drama parallel to the seTeral beams, are equal to the 
lines f/ and £ e^ which represent the weights sus^ 
pended from those beams. 

From the foregoing investigation, we derive an easy 
metlidd of determining the several strains in any 
system of polygonal framing whose parts are in equi- 
fibnum. Let 1^. 17 rspresent such a i^stem, kept 




in equilibrium by the weights w„ w^, &a., suspended 
from its angles ; then draw the vertical line L s, aiid 
divide it into portions l m, m n, n o, &e., proportional 
to file njeights w^, Ws,.w,},&c«; thrcoigb the points 
li^MyN/Jcc;, drftw.lioes parallel to the directions of 
the several beams a b, b c, c d, &c. ; then, if the 
systemi is in equilibrium, all these lines will intersect 
VH' Ae eomman point k : draw k p perpendicular to 
t s, then win k. p represent the hopzontal thrust 
against each of the joints b, c, d, &c. ; the lin.es. lk, 
MK, NK, ficc, the strains in the direction of their 
length, of those beams which they are severally 
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parallel to ; and by the construction, l m, m N, &c., 
will represent the vertical weights on the several 
angles, the whole line L 8 being equal to the sum of 
all the weights together^. 

Equilibrium of Arches, 

The foregoing principles contain all that is neces- 
sary to the determination of the equilibrium of arches. 
An arch may be defined to be an assemblage of 
wedge-formed bodies, the first and last of which are 
sustained by a support or abutment ^ while the inter- 
mediate ones derive support and are sustained in 
their positions by their mutual pressure, and by the 
adhesion of cement interposed between their surfaces. 
The wedge-forme'd bodies a, b, &c., fig. 18, thus 
sustained, are termed . ,^ 

' Fig. la 

voussoirSy the center 

one D, or that in the 

highest part or crown 

of the arch, being 

called the key-stofie: 

the inferior surface of the arch e f G is called its 

intradosy or sometimes its soffit; but this latter term 

* If the line K F, 6g. 17, be x^onsidered as radius, then will the lines 
LK, M K, &c., be the secants^ and LP, mf, &c., the tangents, of the angles 
L K p, M K p, &c. That is, if we make the horizontal strain, in any sys- 
tem of polygonal iraming whose parts are in equilibrium, equal to 
radius, then will the strain upon any bar of the polygon, in the direc- 
tion of its length, be equal to the secant of the angle which it makes 
with the horizontal; and the weight suspended from any joint of the 
polygon will be equal to the difference of the tangents of the angles 
which the two bars meeting at that joint make with the horizontal. 
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is sometimes restricted to mean only the under sur- 
&ce of the arch at its key-stone or crown f; the 
exterior surface h i K is callrd its e^trados. The 
points £ and g, where the intrados meets the abut- 
ment, are called the springingSy their horizontal dis* 
tance £ g the span^ and the distance F l the rise of 
the arch. 

Let Ay B, c, &c., fig. 19, be the separate stones or 
Toussoirs of an arch whose several parts are in equi- 
librium. Now, each stone is 

' , ^ -Piir. 19. 

acted upon by three forces, 

namely, the weight of itself and 
the load above it acting in a ver- 
tical direction, and the pres- 
sure of each of the two contigu- 
ous stones acting in directions 

I 

perpendicular to their surfaces 
of mutual contact ; then, since these forces must all 
be in equilibrium, their lines of direction must all 
intersect in some common point within* the stone. 
Let A, B, c, &c., represent these points in the several 
stones composing the arch shown in the figure; 
then if lines a b, b c, c d, &c., be drawn connecting 
these points, they will represent the directions in 
which the stones press on each other, and the line 
ABC, &c., is termed the line of pressure of the 
arch. Now, although the pressure of one stone upon 
its neighbour, as of £ upon d, is actually spread over 
the whole surface of the joint H i, we may, without 
in any way afiecting the question under considera- 
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tioD, soppose the whale pressure coUeeted in the 
pmnt in which the liiie of pressure cuts the joist HZ, 
sod siimlariy of all the other stones ; ao that if we 
eoaceiYe the whole weight of each stoiie» and of the 
load which it supports^ to be collected in (oTy whicb 
is the same thing, suspended from) the piunts a^b^C) 
&c., and those points to be connected by inflexible 
bars A B, B Cy c D, &c. (tliemselTes devoid of weight), 
we shall in nowise alter or disturb the state of eqnir 
librium of the arch. 

An arch, thus considered, is precisely »mi)ar to 
a polygonal framing whose ^des are a b, b c^ c s^ 
&c., and therefore all the principles which we have 
deduced in the investigation of the laU^ may be 
applied to the arch. This application, bowever^ia- 
volves the use of madieiBatieal fermulaet aind tenns 
which cannot be heie introduced, and we mast, 
therefore, content ourselves with stating the eoncla- 
sioQft to which they lead ; which conclnsiou^ are, 
that for an arch to be in equiUbrlvini, ^e vertictd 
depth of tbe arch at any point niu^'be inversely 
proportional to tbe radius of curvature of the arch 
at that point, and direcdy proportional to the onbe 
of tbe line drawn parallel to the tangent to the arch 
at thai point. Thus, supposing the arch m figpxe 
19^ to be in equilibriojto, • draw the horizontal line 
p s parallel to the tangent to the arch at the c;rovB 
M, and through P draw the line p q parallel to K o the 
tangent to the arch at any point L ; thesfc itl|0 veitic^ 
depth RM at the crown is to the ver^cal deptl^ 
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JCL at any point l, is the cube of tke Use ps, 
dmded by tbe radios of the arch at M, is te tbs 
cabe of tbe line pq dinded by the radius of tbe 
arch at l*. 

* The demonttntion of the proposition 
contftined above is at follows: — Let abcDE» 
fig. 19*, be a portion of the line of piessiire 
of an arch, considered as a system of poly- 
gonal framing. Now we have shown, page 
&1, that in such a. fipaming; if tbe weight on 
any angle c is represented by the vertical 
line IH, then will the pressures in the dlrec- 
iMBi of the two bars bC and CD, meeting at that angle, be represented 
by the lines if and fh drawn parallel to the same. In any triangle 
fixe sides are proportional to the sines of their opposite angles ; therefore 
TH : XF : : sin I FH i sh) f h i ; bat the sine of the angle fhi is the 
same as the sine of its supplemei^t f h 6, and the sine of the angle fro 
is equal to the cosine of its complement mfg ; alio the line if is the 
seeant of the angle ira, therefore ir : sec ifg : : stn ifh : cos hfg, 

1 

or I H B sin 1 r H. sec I F o. ; 

coshfo* 
' 1 
but is equal .ta sec R F o^ th4refoire 

cos HFG ^ 

in^tm IFS. seeiFGw secRFG^ 
Now, in reality, tbe line of pr c sD u re a «c d e is a curved Uae, 
and therefore the sides of the polygon must be supposed to be ex- 
ceedingly sinall in order that it may more nearly coincide with the 
curve; in wbieh oase^ the angfe kcd, equiil to tl^ angle ifh, 
heoom^ the afBgle of contact between the cunre and its tangent, 
which l^ing exceedingly small,' ia directly propettioitfel to its sine, aad 
invtiMlj pcoporUonal to the radiua of eurvatme of the line of piea- 

• . '• ' • • . , I 

Bure at the point c, therefore sin ifh is proportional to -, r repre- 

Knting the radius of fiurvature at c. Further, the angle ifh, the 
difference between the jEineles jFG'and hfg, being exceedingly 
imallj the two latter may be considered equal, and therefore sec i F G 
■spr be substituted hr see Hid.: Making these subdtkutimis in the 
^^astion above^ it becoasei 

see^ iFG 

IH = : . 



56 



RUDIMENTS OF 



These conditions are fulfilled in a circular arcb, 
by making the vertical depth d c, figure 20, at ajiy 
point c, equal to the depth of ^. ^ 

the key-stone a b, multiplied 
by the cube of the radius a e, 
and divided by the cube of 
the vertical height c h of the 
point c above the diameter fg. 
In an ellipse they are fulfilled when the vertical 




Or» since i h represents the vertical weight on c, and i f g the angle 
which the tangent to the curve at c makes with the horizontal, the ver- 
tical load or weight on any point of an arch in eguUibrivm is inversely 
proportional to its radius of curvature at that point, and directly prO' 
portional to the square of the secant of the angle which the tangent to 
the curve at that point makes with the horizontal. 

Now, the vertical load on any small portion of the arch CB, figure 20*, 
is proportional to its base c a, multiplied by its 
height c D, and c a : c b : : rad : sec B c a, or 

C B 

radius being equal to unity, c A = . 

SKTw JS Kf ^^ 

then, supposing the weight to be everywhere 
equal, CD must be inversely proportional to ca, 

^, ^ . sec BCA 

that IS, c D = , or smce c b is every- 
where equal c D is simply proportional to sec bc a ; but B c a is the angle 
which the tangent to the curve at the point c makes with the horizontal, 
as is also if g, fig, 19*, therefore sec boa is equal'to sec ifg, and 
if the vertical weight upon the arch were everywhere required to be the 
same, c o would be proportional to sec i f g ; but it has been shown 

sec^ I F G 
that the weight should be proportional to , and therefore CD 




must be proportional to 



sec' IFG 



that is, the vertical height or thick- 



ness of an arch in equilibrium, at any point, must be inversely propor- 
tional to the radius of curvature of the arch at that point, and directly 
proportional to the cube of the secant of the angle which the tangent to 
the curve at that point makes with the horizontal. 
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Cy is equal 




F^.22. 



depth DCy, figure 21, over any point 

to the depth of the key*stone 

AB, multiplied by the cube of 

AE, half the shortest axis of the 

ellipse, and divided by the cube 

of the vertical height c h of the 

point c above the longer axis f g of the ellipse. 

The extrados of a circular arch, whose parts are 
all in equilibrium, may also be determined geome- 
trically in the following manner: — Let bcd, fig. 
22, be half a semicircular arch, whose center is a, 
and BE the depth of its key-stone; 
then in the vertical line ab take 
the point F, such that the distance 
B F is equal to a e, and through f 
draw the horizontal line F g. Then, 
through any point c, draw the line 
A H fi'om the center a, and through 
I, the point in which it cuts f g, draw i k perpen- 
dicular to A d; then make a l equal to K e, and the 
point L will be a point in the extrados of the arch, 
any number of points in which may be determined 
in a similar manner. 

An arch in which the above conditions are ful- 
filled is in a perfect state of equilibrium, every por- 
tion of it is equally strained, and no part has a ten- 
dency to yield before another. If in an arch so 
circumstanced, all the joints of the voussoirs were 
perpendicular to the inner surface, or intrados of 
the arch, then would the line of pressure pass 
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throDgh the center of e^erj joint, and would cot 
them all in a direetion perpendicular to each. In 
practice, however, this state of things seldom, if 
ever, occurs, the Mne of pressure neither passiDg 
through the center of the joints of an! arch, noc 
being perpendicular to them in ditecticHv; it is, 
therefore, desirable to examine to what extent these 
ccmditiofis may be de\iated £rom without endanger- 
ing the stability of the structure. When an arch is 
in a state of perfect equilibrium, if we suppose its 
abutments incapable of yielding,, it can only &il m 
consequence of the crushing of its material, the 
cohesive power of which is then the limit of the 
strength of the arch. When, however, an arch is 
not in a state of equilibrium, it may £ul in two 
ways : in the first case, the stones may slide vspon 
or slip past each other, and so become (Msplaced; 
and, in the second case, they may yield by turning 
upon some of the joints,, the arch separating into 
three or four large portions, as in figures 2S and 24, 
and turning on the inner and outer edges of cer- 
tain of the joints. Now, the voussoirs of ihe arch 
cannot slide upon each other unkss the angle 
which the line of pressure makes with/a^ perpendi- 
cular to the pint is eqiial^to;, d^ greeterithain, the 
limiting arkile\ <&f rmisianmv:icf(ilijkii^) KaiieHal. of 
f(4iich. tlk ' ai^B !is .coibpd«e<i;. wMcB, as «lali^at 
page 44 is usmadi}^ ^nt 4^ foit ^OAe^f undasthh 
td Wyrii^ucfi greater. 'than the aii^kiwtiibh'tteiln^ 
of prfesunre ^er> makisSirfth? tbe'peipte4icnbr to 
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the joiBt, an arch maj be considered in no danger 
of giving way from Ae slipping of its voussoirs; 
to which we may add, that die adhesion of the ce- 
ment interposed between the stonea, as also the 
joggles frequently inserted, are an additional seeurity. 
against the failure of an arch from this cause. The 
second mode of failure, which is also the most 
usual, takes place whenever the line of pressure 
deviates so far from the position of equilibrium as 
to pass entirely out of the substance of the arch, 
80 as not to cut the joints at all. The more the 
line of pressure deviates from the center of the 
joints, the less will be the stability of the arch; but 
so long as it continues to cut the joints no motion 
can take place ; the moment, however, that it 
passes without the joint, motion will take place, the 
two voussoirs wiU turn upon their edges nearest to 
the fine of pressure, and the arch will fall. Thus, 
in figure 2S, if, by placing too great a load upon the 
crown of the arch, we alter the 
form of the line of pressure 
until it rises above the extra- 
dos at B, and fdls within the 
intrados at the points a and c, 
the arch will separate at the 
nearest joints to- tbc^a poinds. ") ^ r , 
luto four portions, ^hich. will' tnrn npeil their inner 
edge^ at a and 4 ^^ upon thQit anter edgee at b, 
the arch sinki%'l«; vtfe '^orpwii aud'tilsiBig? ^ Itfce 
hauAches. li^ 'feowf ver , * iifeije* bfe a' defici^cy , 6f 
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J^. 24. 




weight at the crown, then the line of pressure will 
fall within the intrados at b, figure 24, and rise 
above the extrados at a 
and c, the arch separat- 
ing as in the former case, 
but now turning about the 
outer edges at a and c, and 
about the inner edges at b, 

the crown rising and the haunches falling in. We 
see, then, that when we deviate so far from the arch 
of equilibrium as to cause the line of pressure to 
approach either the intrados or extrados of the arch, 
we begin to endanger its stability, actual contact 
with either being the ultimate limit ; and the stability 
of the arch being greater, as we make the line of 
pressure approach nearer to the center of the joints. 
When an arch has all its parts in equilibrium, it 
has been shown, page 50, that the horizontal strain 
on every joint is the same, and therefore the per- 
pendicular pressure, tending to crush the key-stone 
of the arch, is equal to the horizontal thrust against 
its abutment. In order to determine the amount of 
this strain, let p G h i, fig. 25, repre- 
sent the center voussoir or key-stone 
of an arch whose center is a; let c b 
be the direction of the line of pres- 
sure of this voussoir on its neigh- 
bour, perpendicular to the joint F h ; 
and let half the weight of the key- 
stone and the load which it supports 



25^.25. 
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be represented by the line bd; then it has been 
shown that the horizontal pressure on the joint F H 
will be represented by cd; that is, as bd : the weight 
on half the key-stone : : c d : the horizontal pressure 
against the same. Now, the triangle a h £ is similar 
to the triangle c b d, and therefore he:bd::ae:cd; 
further, the weight on half the key-stone is equal to 
half its breadth in feet, or H e, multiplied by the 
weight on every foot ; also a E is ,the radius of the 
arch at the crown ; therefore h e : h e multiplied by 
the weight on every foot of the key-stone : : the radius 
of the arch : the horizontal pressure against the key- 
stone ; or, in an arch in equilibrium, the horizontal 
pressure on the key- stone is equal to the weight on a 
foot of the surface of the same, multiplied by the 
radius of the ardh in feet. 

The power of an arch to resist the horizontal 
strain at the crown is proportional to the depth of 
the key-stone, and to the cohesive power of the 
material of which the arch is composed. The 
stability of an arch is, therefore, directly proportional 
to the depth of its key-stone, multiplied by the 
cohesive power of the material, and is inversely 
proportional to its radius of curvature multiplied by 
the weight on every foot of its surface *. 

* Let B be put for the radius of curvature of an arch at its crown, d 
for the depth of its key-stone, and b for the breadth of the arch, all in 
feet; also let w equal the vertical weight on every square foot of the 
key-stone, including its own weight, p equal the horizontal pressure upon 
the Isey-stone, and c the weight required to crush a square foot of the 
material of the arch, all in pounds ; then 

p » nbw; and 
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In arches of timber or iron the construction is 
asnally such that the arch is^rigid, or incapaUe of 
altering its form ; and therefore no regard is paid to 
the direction of the line .of pcossure, or to the equili- 
bration of the arch. In this case^.the arcli may be 
considered as composed of two parts, lasting upon 
the two abutments, and: i^ainst each lOthdr.at the 
crown ; and, in order to deteprraineithe stabiIity.of:the 
structure, it is only necessary to consider the mutual 

dc 
the stability of the arch will be proportional to , which expresses 

the number of times that the strain upon the arch is less than that whicb 
would cause it to yield by crushing at the key-stone. 

dc 

The following table exhibits the approximate yalue of — for some 

&w 
of file prindpal bridges. 



lAune «Dd Situation of firUlfipe. 



Bridge carrying the Great Western 
Railway over the Thames at Maiden- 
head 

Neuilly Bridge, oyer the Seine, at 
Paris 

Bridge of the Holy Trinity, over ikke 
Arno, at Florence .... 

Bridge over the -Dee, at Chester 

London Bridge, over the Thames 

Bridge over the Don Biparia, near 
Turin 

Bridge of St. Maxence, over the Oise. 

Waterloo Bridge, over the Thames 
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pressure of the two parts against each other acting 
horizontally at tjie crown, and the pressure of each 
upon its abutment acting perpendicular to the 
direction of the same^ Thus, suppose abode, fig. 
26, to represent half an iron ^^ ^ 

bridge, G.. being its center of 
gravity, and jF p m the vertical 
direction ia which its weight 
acts ; draw . p ff Jthrough the 
center of the vertical joint b d 
perpend^gi|lar to the same, and f i through the center 
ofth^ IBIliSCi^ B c aqd perpendicular to it; then, in 
osdor^tliattthe arch may be properly supported, these 
two lines should intersect in some point f, in the 
rer(ical line f m passing through the center of 
g'^TiSr.^sj and such being the case, if F G represent 
^^ !^^g^^ of the half arch abode, then will f k 
represent .tji^ j^ess^re acting in the direction F H 
upon the joint £ d, and fl will represent the pres- 
sure acdng ix^ tjip^ dir^ct^on f i upon the abutment 
B c. Thei?,^ iby similar iri3ngles,.F k : i M : : f g : f m, 
and I M may be taken as equal to the horizontal dis- 
tance of the center of gravity of half the arch from 
its springing, and fm as e^al to the rise of the 
arch, or the vertical height of. its crown above the 
springing lipe ; there/ore, as the horizontal distance 
of tJie center cf gravity of half the arch from its 
springing is to the rise of the. archy so is the hori- 
zontal thrust, either against the abutment or at the 
crown, to the weight of half the arch. 
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Equilibrium of Abutments and Walls. 

We have next to examine the conditions of the 
stability of piers, abutments, or walls, sustaining some 
external load or strain, such as the thrust of an arch, 
or the pressure of earth or water. Walls and abut- 
ments are usually exposed to two forces — their own 
weight acting in a vertical direction through their 
center of gravity, and the pressure occasioned by the 
extraneous ^oad which they have to sustain; and 
upon the magnitude and direction of the resultant of 
these pressures the stability of the structure depends. 
They may yield or give way in three different ways: 
namely, the wall or abutment may separate into tiro 
portions, one sliding or slipping upon the other; or 
it may similarly separate, and the upper portion turn 
over about one or other of its edges ; or the material 
of the wall may be crushed by the pressure exceed- 
ing its cohesion. Or, in case the wall or abutment 
itself is too strong to be broken or crushed, it may 
still yield in any one of the above ways, by either 
sliding upon the surface of the ground, or turning 
over upon one of its lower edges, or from the ground 
yielding under the pressure. For examples, let 
ABCD, figs. 27 and 28, represent two walls, each 
stistaining a pressure acting in the direction oi;let 
E F be the vertical line passing through the center of 
gravity, H the point in which it is intersected by the 
direction of the pressure ; also let H k represent the 
weight of the wall, and h i the amount of the pres- 
sure ; then the diagonal H L will represent their 
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lesaltaDt acting in the direction H H. Noir, let N 
fig. 27, be a joint in the masoriTy f^.27. 

of the wall ; then (neglecting the 
adhesion of the cement) if the 
angle m H F, which the resultant 
makes with the perpendicular, be 
greater than the limiting angle of 
reustance, the upper portion of 
the waH abno will slide upon the lower portion 
M o c D ; and if the adhesion of the cement (being jiow 
ta^D into account) is sufficient to prevent the wall 
separating at n o, then will the whole wall A B c D 
slide bodily upon the ground in contact with its base 
c D i if, however, the angle which the resultant H H 
makes with the perpendicular to the joints is less 
than the limiting angle of re^stance, the wall cannot 
yield by the sliding of its parts upon each other; 
and the stability of the wall or abutment will be 
greatest in this respect when the direction of the 
resultant eh is perpendicular to all the joints and 
also to its base c D. 

If the resultant H M, instead of falling within the 
base of the wall, cut the side A c, as in fig. 28, then 
will the wall separate at the nearest yig,^ 
joint N o, and the upper portion will be 
overthrown, turning upon its edge at 
N; should, however, the adhesion of 
the cement be sufficient to prevent the 
reparation of any of the joints, then 
win the whole wall, abcd, be thrown 
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over bodily, turning on its lower edge c. The wall, 
however, cannot be overthrown, go long as the result* 
ant keeps within its substance, and cuts the base 
CD; and its stability in this respect will be the 
greatest when the resultant passes through the center 
of its base o d. 

If, however, both the foregoing conditions be &!• 
filled, that is, if the resultant p^ss through the center 
of the base, and its direction be perpendicular to 
the same, the wall or abutment may still give waj 
by the crushing of its material, or by the yielding of 
the ground on which it stands, if the amount of the 
resultant pressure is greater than they are either of 
them capable of supporting. 

The external pressures to which walls are most 
frequently exposed are those occasioned by the 
thrust of arches or the principals of a roof (both of 
which we have sufficiently explained the method of 
determining) ; and also, in the* case of retaining walls, 
the pressure resulting from earth or water sustained 
by the wall, which latter case we shall next proceed 
to consider. 

Pressure of Earth or Water against Walls, 

When any kind of earth is thrown up into a heap, 
the sides assume a certain inclination, which is termed 
the natural slope j and is equal to the limiting angle of 
resistance, or the angle at which a mass of the same 
earth would commence sliding down its side *. 

* See page 45. 
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When a mass of earthy supported by a wall, as 
in figure 29, gives way, in consequence of the in- 
sufficiency of the wall, it j& 29 
is usually found to sepa- 
rate on some plane dg, 
the prism of earth b g d 
sliding down the plane 
GB, and overthrowing 
the wall by its pressure 
against the back b d. 

Let G D be the inclination at which the earth sepa- 
rates, and let us suppose the mass B g d to be on 
the point of sliding, or just kept in equilibrium by 
the resistance of the wall. Now, the two pressures 
acting upon the mass b g d are its weight acting in 
the vertical line H i, and the resistance of the wall 
acting in the direction l i ; then, if we represent the 
former by o i, and the latter by p i, the diagonal n i 
will be their resultant, and will represent the pressure 
of the prism B G n upon the plane g d ; then, since 
it is upon the point of sliding down this plane, the 
angle which n i makes with a perpendicular to the 
surface of the plane d g must be equal to the limit- 
ing angle of resistance. Now, the weight of the mass 
of earth b g n is equal to b d, multiplied by half b g, 
and by the weight of a cubic foot; therefore, the 
more g d is inclined, the longer b g will be, and the 
greater will be the weight of the earth which the 
wall has to support, and the length of the line o i 
which represents it ; but the more D G bec<»nes in- 

D 2 



68 RUDIMENTS OP 

clined the nearer will n i approach to the vertical 
H I, and therefore the less will be the line p i re- 
presenting the pressure of the earth against the wall. 
It must, therefore, follow that there is a certain incli- 
nation for the plane d g, which occasions the pres- 
sure on the back of the wall to be greater than any 
other, and this is found to be when the angle b d G 
is half that which the natural slope of the earth d e 
makes with the vertical, the angle E d f being the 
limiting angle of resistance*. Now, in this case, it 
may be shown that the triangle n o i is similar to 
G B D ; and therefore, if b d represent the weight of 
the mass bgd, bg will represent its pressure against 
the wall, that is, the weight of the earth is to its pres- 
sure against the wall as the height of the wall is to 
bg; and since the weight of the earth equals the 
height of the wall, multiplied by half b g, and by the 
weight of a cubic foot of the earth, it follows that the 
pressure of the earth against the wall is equal to half 
the square o/bo^ multiplied by the weight of a cubic 
foot of the earth. With the same earth, bg always 
bears the same proportion to the height of the wall, 
which proportion for the different kinds of earth is 
given in the fourth column of the subjoined table, 
the height of the wall being taken as unity, and the 
fifth column contains half the square of this fraction, 
multiplied by the weight of a cubic foot of the earth. 
In order, then, to determine the pressure produced 
against a wall by different kinds of soil, we have only 

* Mosele^^'s Mechanical Principles of Engineering, p. 445. 
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to multiply the sqimre of the height of the wall in 
feet hy the number contained in the last column 
of the subjoined table, and the product will be the 
pressure in pounds, acting horizontally against the 
back of the wall at a point (m, fig. 29) one-third 
of the height of the wall above its base. 



Nature of the Earth. 


Weight 

ofa 

cubic 

foot, 

in 

poundi. 


Limiting 

angle of 

Resistance 

= EDF. 


Value 
of BO, 

the 
height 
of the 

wall 
being I. 


Constant 
multiplier. 


• 

Fine diy sand • • . -j 

Loose shingle, perfectly dry . 
Common earth, perfectly dryl 

and pulverulent . . j 
The same, slightly moistened, 1 

or in its natural state . . J 
Earth the most dense andl 

compact . • • • J 


94 
119 
106 

94 
106 
125 


/ 

30 
40 
39 

43 10 

54 

55 


•577 
•466 
•477 

•433 
•325 
•315 


15-666 
12-938 
12058 

8-815 
5-595 
6-213 



The numbers obtained by the foregoing rule re- 
present the active pressure which the earth exerts 
against the wall tending to push it over about the 
point' c, and must not be confounded with the pa>s- 
sive resistance which it would offer to prevent the 
wall being overthrown in the contrary direction about 
the point d. In the first case, when the wall is on 
the point of moving the mass of earth bgd is about 
moving down the inclined plane do, pushing the 
wall before it; while in the second case, when the 
wall is about to move the same mass is on the point 
of being pushed up the incline. Upon this suppo- 
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sition the angle B d 6 becomes equal to the compk 
ment of its former value % and therefore the resistance 
calculated for this new value of b o would be much 
greater than before. The result^ however, of mathe- 
matical reasoning in this case gives a value for this 
resistance far greater than it would be safe in prac- 
tice to calculate upon ; because the ground not 
being incompressible would yield from that cause, 
and allow the wall to move long before the amount 
of resistance which this calculation would show 
the ground to be capable of producing had been 

exerted. 

In the case of walls supporting water, such as 
dock and quay walls, the resultant of the pressure 
of the water against the whole surface of the wall is 
a pressure acting horizontally at a point two-thirds 
of the depth of the water below its surface, and equal 
in amount to the square of the whole depth of the 
water in feet, multiplied by 31*25, the product being 
the pressure in pounds. The same rule will deter- 
mine the pressure of water against lock gates, or any 
other vertical surface. The pressure of water in- 
creases with its depth, and is equal at any point to 
the depth in feet, multiplied by 62^ lbs. (the weight 
of a cubic foot) ,- therefore, to determine the pressure 
on any surface entirely immersed in water, whatever 
may be its position, whether vertical, horizontal, or 
inclined, we have only to multiply the area of the 
surface in square feet by the depth in feet of its 

• Mo8eley*8 Mechanical Principles of Engineering, p. 448. 
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center of gravity below the sur&ee of the water, 
and by 62^. 

In the case of walls sustaining water, the active 
resistance and the passive pressure are precisely 
equal* 

Equilibrium of Suspension Bridges. 

In a suspension bridge, the roadway or platform 
is suspended firom chains, the links of which are 
straight, by vertical rods, attached to the joints. 
And as the chains are not rigid, but are capable 
of altering their form by motion about any of the 
joints, it follows that, in any position which the chain 
assumes, its several parts must be in equilibrium. 
Now a chain, so circumstanced^ in no way differs 
from a polygonal framing, such as is shown in 
figure 17, supposed to be inverted, excepting that 
the strains upon the several bars or links, which, in 
the latter, were thrusts tending to compress the bars, 
are now tensile strains tending to pull them asunder; 
and therefore all the properties of the one are com- 
mon to the other, and the various relations which 
we have shown to subsist between the weights sus- 
pended from the angles, the strains on the several 
bars or links, and the horizontal strain, in the case 
of the polygonal framing, similarly subsist in that of 
the chains of a suspension bridge . The investigation, 
howeFcr, necessary for deducing from these relations 
mles for determining the proportions of a suspension 
bridge, that its several parts may be in equilibrium. 
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involves the use of propositions and terms in madie« 
matics far too abstruse and difficult to be admitted 
in this place ; we must, therefore, content ourselves 
with pointing out the circumstances affecting their 
stability, and merely giving rules for proportioning 
their parts, without attempting their deidonstration. 
The chains of a suspension bridge have to support 
three separate loads, which are very differently dis- 
tributed, namely, their own weight, which varies with 
the dimensions of the chain and its inclination ; the 
weight of the rods by which the chains and platform 
are connected, and which varies with their length; and 
the weight of the platform or roadway with its load, 
which is usually uniformly distributed. The first 
suspension bridges which were constructed had their 
chains made of the same dimensions throughout; 
but as the tensile or pulling strain upon the different 
parts of the chain varies greatly, depending, in fact, 
upon its inclination, as explained at page 50, being 
greatest at the points where the chains are attached 
to the piers, and least in the center or lowest point 
of the chain, it is evident that in so constructing them 
a superabundance of strength is given to the center 
portion of the chain, and that the strength of the 
whole would be increased by taking away some of 
the metal from those parts of the chain and adding 
it to the parts more inclined, so proportioning their 
substance that the cross section of the chain may be 
in every part proportional to the strain which that 
part has to sustain. 
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Let figure 30 represent a suspension bridge, with 

the roadway or platform fl horizontal, and a d b c 

being the curve formed by the chains ; the points 

A and c, at which the chain is attached to the piers, 

are called the points of suspension ; the horizontal 

distance a e or £ c of these points from the center of 

the bridge, the semi-span ; and the vertical distance 

E B of the lowest point of the chain below the point 

of suspension, is termed the deflection. The term 

sectional area of the chains, at any point, means the 

surface (measured in square inches), which would 

be exposed by sawing the chains across at that 

point. 

2^.30. 




The first point to be determined, in the case of a 
suspension bridge, is the form of the curve a d b c 
which the chains will assume, and upon which will 
depend all the principal dimensions of the bridge. 
The dimensions which are requisite for determining 
this are the semi-span a e, the deflection e b, and 
the distance b h, of the roadway below the lowest 
point of the chain, or the length of the shortest 
suspending rod; these being known, any number 
of points in the curve may be determined by the 
following rule :— ^ 

D 8 
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The Roadway of a Suspension Bridge beinff Hori 
zontalj to find the Length of the Sttspending 
Rod D G at any point D * 

Rule. — Subtract the length of the shortest sus- 
pension rod B H from the deflexion e b ; multiply 
the remainder by the square of the horizontal dis- 
tance D K of the point d from the lowest point b of 
the chain, and divide by the square of the semi- 
span A £ ; to the quotient add the length of the 
shortest rod b h, and it will give the length of the 
suspending rod d q. 

The curve formed by the chain having been found, 
it only remains to determine the strains to which 
each portion of it is exposed, in order that its area 
in every part may be made proportional to the strain 
which that part has to sustain. In order to deter- 
mine these, it is necessary to have, in addition to 
the dimensions above, the weight of a foot in length 
of the roadway or platform of the bridge, including 
the greatest load which it is ever possible that it will 
have to support. These being known, the following 
rules will give the dimensions of the chains. 

* These rules are deduced from the formuls giren hj Profesor 
Moseley in his Mechancial Principles of Engineering, page 547, in 
which work he has given a very able and complete investigation upon 
this difficult subject. In the above rules the tensile strain required to 
iH'eak a square inch of wrought iron is taken at 67,200 pounds, the 
weight of a bar a foot long and an inch square, at 3-3 pounds, and the 
iron is supposed to be loaded with only a sixth of its brewing weight 



J 
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To Jlnd the Strain on the lowest point b of the 
Chainy and its Sectional Area. 

Rule, — Subtract the length of the shortest sus- 
pension rod B H from the deflexion £ B; divide 
twice the remainder by the square of the semi-span 
A £y and from the quotient subtract '0003 ^ divide 
the weight in pounds of a foot in length of the road- 
way when loaded, by this remainder, and the quo- 
tient will be the strain in pounds upon the lowest 
point B of the chains ; and if this strain be multi- 
plied by '0000893 it will give the sectional area of 
the chains in square inches, at the same point. 

Tojind the Strain on the Chain^ and also its 
Sectional Area at any point d. 

Rule. — Divide twice the vertical height k b of the 
point D above the lowest point b of the chain 
by the horizontal distance d k of d from b, and to 
the square of the quotient add 1 ; the square root of 
this sum multiplied by the strain on the chain at b 
(as found by ibe rale above) will give the strain 
upon it at D ; and this strain multiplied by '0000893 
will give the sectional area of the chain at the same 
point in square inches. 

We shall illustrate the use of these rules by an 
example. Let the semi-span be 200 feet, the de- 
flexion 40 feet, the length of the shortest suspend- 
ing rod 2 feet, the weight of a foot in length of the 
roadway when loaded 5000 lbs., and the horizontal 
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distance d K of the point d from the center of the 
chain 100 feet. 

Then, by the first rule given above, 2 subtracted 
from 40 leaves 38, which multiplied by the square of 
100 equals 380,000, and this number, divided by the 
square of 200, gives as the quotient 9J-, to which, 
adding 2 feet, the sum 11|^ feet is the length of the 
suspending rod d g. 

By the second rule, 2 subtracted from 40 leaves 
38, twice this number, divided by the square of 200, 
equals "0019, from which, subtracting '0003, the 
remainder equals *0016 ; then 5000, divided by this 
number, gives 3,125,000 lbs. for the strain upon the 
lowest point b of the chain ; and 3,125,000, multi- 
plied by '0000893, equals 279 square inches for the 
sectional area of the chain at b. 

And by the third rule, twice 9*5, divided by 100, 
equals '19, the square of which, added to 1, equals 
10261 ; then the square root of r0261 equals 1013, 
which, multiplied by 3,125,000, gives 3,165,625 lbs. 
for the strain upon the chains at the point n ; and 
3,165,625, multiplied by 0000893, gives 283 square 
inches for the sectional area of the chain at the 
point D. 

MATERIALS EMPLOYED IN CONSTRUCTION. 

The principal materials made use of by the 
Civil Engineer, for the purpose of construction, 
may be classified as follows : — 
1. Metals. 
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2. Timber. 

3. Natural stones. 

4. Artificial stones, including bricks, and the 
different kinds of mortars and cements used in 
masonry. 

Before describing the principal properties of 
each of these classes of materials, it will be desira- 
ble to consider briefly the subject of their strength, 
and to explain the circumstances which affect the 

same. 

Strength of Materials. 

The strength of materials to resist the action of 
any external force to which they may be exposed 
varies greatly with the manner in which that force 
is applied ; and therefore it is necessary, in consi- 
dering this subject, to divide the strength of ma- 
terials as follows: — first, their power to resist ex^ 
tension J or the force required to pull them asunder ; 
secondly, their power to rest compression^ or the 
force requisite to ci*ush them; thirdly, their trans- 
verse strength, or the force required to break a bar 
or beam resting at each end* upon supports ; and 
fourthly, their elasticity, or the force required to 
bend a bar or beam supported at each end. 

1st. — When any material is exposed to a tensile 
strain, or one tending to tear it asunder, if the di- 
rection of the strain passes through the center of 
the piece, its strength is directly proportional to its 
sectional area. The weight in pounds required to 
tear asunder a bar one inch square of the different 
metals, wood, and stones, is given in the column b 
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in the tables of their properties given below; and 
the tensile strength of a piece of any other dimen- 
sioDS may be found by multiplying the numbers in 
the table by the area of the piece in square inches; 
thus, the weight required to pull asunder a bar of 
cast iron S inches by 4 inches would be 17,920 
multiplied by 12 or 215,040 lbs. ; and the weight to 
tear asunder a piece of white marble 1 foot square 
would be 551 multiplied by 144, equal to 79,344 
lbs., or nearly 36 tons. 

2ndly. — ^The experiments of Professor HodgJdn- 
son * have shown that when a substance is submitted 
to a compressing force, its strength will depend 
upon the proportion which its height bears to its 
other dimensions. He found that when the height 
of the piece was not greater than its diameter, 
if round, or the length of its side, if square, its 
strength would increase as its height was dimi- 
nished 'y but, that when the height was greater than 
those dimensions, fracture took place by the separa- 
tion of a pyramid, cone, or wedge (depending on 
the form of the piece), the angle of whose side was 
always the same for the same material, and that the 
strength would not vazy with an increase in the 
height until it became equal to four or five times 
the diameter, when the piece would begin to bend, 
and its strength would then diminish as its height 
was further increased; he also found, that within 
these limits the strength was proportional to the 

• Experimental Researches on the Strength and other properties of 
Cast Iron. 
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sectional area. The weight in pounds required to 
crush cubes 1 inch square of different materials are 
contained in the columns a in the tables following ; 
for any other dimensions, the numbers in the table 
must be multiplied by the sectional area in square 
inches ; thus, the weight required to crush a block of 
Portland stone 1 foot square would be 1491 multi- 
plied by 144, equal to 214,704 lbs., or 96 tons.* 

* The followrag table exhibits the formulae which Professor Hodg- 
tioBOD has deduced from his experiments oi tiie strength of columns ; 
IB which 19 is the weight in tons required to crush the column, d its 
external diameter in inches, di its internal diameter (if hollow), / its 
length in feet, and a, b, c, and e are constants depending on the mfr- 
tenal of the column, and the vidues of which, for a few materials, are 
gi7en in the second table below : — • 



KJad of colvnm. 


With both ends 
rmtnded, when the 
height of the colnmn 
is not less than 15 
times its diameter. 


With both ends ftaU 
when the height of 
the column is not 
less than 30 times its 
diameter. 


Solid cylindrical columns . 
HoQow cyiindncal cdumns 


* /1.7 


d^--d,^-* 



Material. 


a. 


b. 


c 


e. 


Cast Iron . . 
Wrought Iron . 
Cast Steel . . 
BaotzicOak . 
Red Deal . . 


14-90 

26-00 

37-50 

1-62 

117 


44-20 

77-00 

110-90 

4-81 

3-47 


130 
22-7 
32-7 


44-8 

77-2 
IIM 



When the height of the column is less than that stated in the fore- 
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Srdly. — Let figure 31 represent a bar or beam ctf 
any material, resting at each ^"^* 31- 

end on two fixed supports 
A and B, and having a weight 
w suspended from the cen- vi%i 

ter c. Now the amount of w, or the weight which will 
be required to break the beam, when applied in the 
manner here described, will be directly proportional 
to the breadth of the beam multipled by the square 
of its depth c d ; or, what is the same, to its sectional 
area at c, multiplied by its depth, and inversely 
proportional to the distance a b between the sup- 
ports. The numbers in the column c in the tables 
following, show the weights in pounds required to 
fracture bars of the several materials 1 foot long 
and 1 inch both in breadth and depth, the weight 
being applied in the center of the bar. To find 
the weight in pounds required to fracture a piece of 
any other dimensions, we must multiply the number 
in the table by the square of the depth in inches, 
and by the breadth in inches, and we must divide 
the product by the distance between the supports 
in feet; thus, suppose the distance a b is 10 feet, 
the depth of the beam 6 inches, and its breadth 4 

going table, it gives way partly by flexure and partly by cruahing» and 
the column will bear a greater weight than the table would show, b 
this case let w be the strength calculated from the table, vo^ the strength 
calculated by the rule given in the text above, for the crushing strength 
of the materia], and w^ the actual strength of the column, then— 

WW, 

w + Jtr, 
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inches, the material bemg cast irooy then 2045 mul- 
tiplied by 36 and by 4, and divided by 10, will give 
29,448 lbs. for the weight which being applied in 
the center of the beam would break it. 

When the weight, instead of being suspended 
from the center of the beam, is distributed or spread 
equally over it from A to B, it will support just double 
the load ; that is, twice the weight will be required 
to break it when thus distributed, which would be 
required if suspended from the center. 

If the beam, instead of being supported at each 
end, is only fixed at one end A, figure 32, and has 
the weight suspended from the other 
end B, it will only bear one-fourth _ ^^' ^ 
of the weight which it would do if 
supported at each end and loaded 
in the middle. In this case, also, O^ 

if the weight be distributed equally, 
{he beam will support twice as much as if it were 
suspended from the end. 

In all the cases which we have considered above, 
the form of the cross section of the beam has been 
supposed to be rectangular, as in g, figure 33. This 
form of section, however, is not 
the strongest which could be ^' ^ 

chosen; for, by altering it, the wm "^^Tj^ 

same quantity of material may be '^ ^OMBaur 

made to sustain nearly three times 
the weight, and it is this circumstance which renders 
the employment of cast iron so valuable to the 
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engineer, who, from the facility with which it may 
be cast in anj fonn, is enabled to adopt that which 
gives the greatest strength with the least materisL 
A form recommended bj Professor Hodgkinsoo, 
and which has been very generally adopted in prac- 
tice, is shown in figure 33; the weight in pomids 
which would be required to be applied in the center 
to break a beam of this form, supported at each 
end, will be found by multiplying 4852 by the area 
in square inches of the lower flange or web ab, 
and by the depth c d in inches, and dividing the 
product by the distance between the supports in 
feet. 

4thly. — When a beam, supported as in figure 31, 
has a weight suspended firom its center, it is bent 
into a curved form, and the distance that the middle 
point c of the beam is drawn down below its former 
position, is called the deflexion of the beam* The 
amount of the deflexion is directly proportional to 
the weight applied, multiplied by the cube of the 
length AB, and is inversely proportional to the 
breadth of the beam multiplied by the cube of its 
depth ; it may be determined, for any particular case, 
by multiplying the cube of the length in feet by 
the weight in pounds applied in the center, and 
dividing the product by the number found against 
the material of the beam in column d of the fol- 
lowing tables; multiplied by the breadth and the 
cube of the depth, both in inches, the quotient will 
be the deflexion, also in inches; thus, suppose a 
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beam of English oak 10 feet in length, 9 inches in 
depth, 6 inche* in breadth, and loaded with 5000 
kpoands in the center, what will be the deflexion i 
■i this case, 1000 multiplied hy 5000 equals 
5,000,000, and 3360 multiplied by 6 and 729, equals 
14,736,006 ; then 5,000,000 divided by 14,736,006 
equals '34 inches, the deflexion required. 



I of Metals. 





,».„„.. 


1 


.1 

lii 


1 


J! 




4M 3»4 
439 M-S 


3-30 Ml 


.... j 130.000 




316U7 


oniaous 
■imiosM 



Of the above metals, cast iron is hy far the most 
eneuBively employed in construction. It may be 
dirided into two vaiieties, the white cast iron, which 
hag a white and radiated or crystalline appearance 
vhen broken, and is hard and brittle ; and the gray 
cast iron, which has, when fractured, a gray colour, 
graoular texture, and metallic lustare, and ia very 
much softer and tougher than the white. Between 
these two a gieat number of intermediate rarieties 
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exist} so that we may pass from one to tbe oiher by 
almost imperceptible gradations. The best practical 
test of the quality of cast iron is by a blow with a 
hammer on one of its edges, which, if the iron 
belongs to the first variety, will break off small par- 
ticles ; but if to the second will only indent it. It 
is much used for columns, for which, frt)m its great 
power of resisting compression, it is peculiarly 
adapted. It is also almost exclusively employed for 
beams or girders, although of late wrought iron has 
been recommended for girders, and has been suc- 
cessfully applied in a few cases. Wrought iron, 
however, is principally used for the bolts, nuts, 
screws, and nails, by which cast iron and timber are 
united, and for tie rods and stays exposed to a tensile 
or pulling strain. One very important purpose to 
which it has of late been applied is for the chains 
of suspension bridges. 

Of the other metals, steel is very little employed 
in construction, being principally used in the manu- 
facture of tools and implements. Gun>metal and 
brass are principally used in machinery for those 
parts liable to wear by friction, one of the moving 
parts usually being of either of these metals, and the 
other of cast or wrought iron. Copper, lead, and 
zinc are principally employed for the covering of 
roofs. 
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General Propertiea of Timber. 



Mahogaof , Honduiai 

Nonraf ipu , 
Oak, Adnatic . 

DanUic . 

,. Edgliah . 
Pine, pil3i 
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1 
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1 

s 
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(A.) 


(B.) 


(C) 
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"uT 


FWH. 




14130 


675 


3807 


23 


38 




11500 


519 


3133 


27 


44 




8100 ... 


2140 57 


44 


1284 


9740 338 

69001407 
10210 367 


620 

840 


32 


44 




9500,389 




"20 75 1 


4920 


12240 


330 




33 45 




11475 

7560 




i^i'2 


40 




8320 


491 


3374 


15 


60 




12830 


461 


2256 








10220 


5B9 


48G3 


■34 


53 




12720 


486 


2757 






3860 


11880 


557 


3369 


32 


42 




9800 


544 


2887 








11840 


447 


4259 








9620 




2400 


"29 


32 




12920 


821 


5589 




... 



Of different kinds of timber, oak, chestDUt (when 
exposed to a free ciiculatiDn of dr), cedar, larch, and 
raahoganj (when kept dry), are amongst the moat 
dm'able. Beech, alder, and elm, are very durable 
when conatanily immersed in water or wet ground, 
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and are therefore well adapted for the piles, &c., for 
foundations. When exposed; however, to the wea- 
ther, or in situations where they are alternately wet 
and dry, they are soon found to decay, as are also 
ash and mahogany. Beech, alder, and sycamore, 
are very liable to the attacks of worms. Oak and 
larch are the best woods for resisting decay when 
exposed to the weather ; but they are both liable to 
split and warp in seasoning, especially oak. Maho- 
gany warps and splits in seasoning less than any 
other wood. Elm and larch bear the driving of 
nails or bolts best, being less liable to split than any 

« 

other timber. 

.There are two different kinds of decay to which 
timber is liable, namely, the toet and dry rots, both 
of which arise from the same origin, the fermentation 
and consequent putrefaction of the alburnum or sapj 
caused in one by alternate exposure to wet and dry^ 
and in the other by the want of a free circulation 
of air round the timber. Both these kinds of decay 
arising from the presence of the sap, it is of import- 
ance to lessen its quantity as much as possible, wi& 
which object timber should be either felled in the 
winter months of December, January, and February, 
or if in summer, in July, at which seasons the sap 
exists in the tree in much smaller quantities than at 
others. It is also desirable, after the timber ha^ 
been felled, to remove whatever sap may be in it as 
speedily as possible, which process is termed seOr 
eofdng the timber, and is effected either by simply 
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exposing the tree, after stripping off its bark, to the 
air, taking care to protect it from the weather, by 
which the moisture and sap is gradually evaporated ; 
or by a process termed water seasoning^ which 
consists in immersing the timber for about a fort- 
night in a stream of pure running water, by which 
the sap is extracted and dissolved, and afterwards 
gradually drying the timber. 

Various processes have been patented for pre- 
serving timber, both from rot and from the attack of 
worms. Of these, Kyan's consisted in immersing 
the timber for a period varying from seven to fourteen 
days (according to the size of the timber) in a solu- 
tion of corrosive sublimate. By Payne^s process the 
timber is inclosed in a close iron vessel, in which a 
vacuum is formed by the condensation of steam, 
assisted by air pumps ; a solution of sulphate of iron 
is then admitted into the vessel, which instantly in- 
sinaates itself into all the pores of the wood, pre- 
viously freed from air by the vacuum, and, after 
ahout a minute's exposure, impregnates its entire sub- 
stance ; the sulphate of iron is then withdrawn, and 
another solution of muriate of lime thrown in, which 
enters the substance of the wood in the same manner 
as the former solution, and the two salts react upon 
each other, and form two new combinations within 
the substance of the wood — muriate of iron, and 
sulphate of lime. One of the most valuable proper- 
ties of timber thus prepared is its perfect incombus- 
tibility: when exposed to the action of Aame or 
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strong heat, it ramplj' smoulders aud emits no flame, 
There are many other processes, but want of space 
will not allow of their being severally noticed. 

General Properties of Natural Stones- 
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In the above table, the values are the averages 
of observadons made, in the case of the sandstones, 
upon stone from the quarries of Craigleith, Dariey 
Dale, Heddon, and Kenton; in the case of the 
oolites, from the quarries of Ancaster, Bath Box, 
Portland, and Eeltoo ; in the case of the limestones, 
from the quarries of Baruack, Chilmark, and Ham 
Hill; and in the case of the magnesian limestones 
from the quarries of Bolsover, Huddlestone, Roach 
Abbey, and Park Nook. These observations were 
made by the Commission appointed to examine and 
report upon the best stone to be employed in tiw 
new Houses of Parliament, and on their recommendt- 
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tion the magnesian limestone was selected for that 
purpose. 

The values in column A in the above table are 
those under which the stone first begins to crack ; 
the next column contains the weight required abso- 
lutely to crush the stone: the first is that which 
ought to be considered} practically, as the crushing 
weight. The seventh column gives the weight of 
the stone detached by Brard*s process^ and may be 
looked upon as expressing the relative power of the 
weather and atmosphere upon the stone. 

General Properties of Artificial Stones and Cements. 

Bricks may be regarded as artificial stones, formed 
by moulding prepared clay into the required form 
and then burning the same in a kiln. The quality 
of bricks varies greatly according to the nature of 
the earth firom which they are made, the care taken 
in their manufacture, and being more or less per- 
fectly burnt. The weight required to crush a square 
inch of brick varies from 1200 lbs. to 4500 lbs., but 
about half the crushing weight will produce fracture 
in the brick. The weight of a cubic foot of brick- 
work, set in mortar, is about 117 lbs., and in cement 
about 125 lbs. The tensile strength of bricks is 
somewhere about 275 lbs. for every square inch, but 
in construction they are seldom, if ever, exposed to 
a tensile strain. Great care should be taken in the 
choice and selection of bricks for structures exposed 
to the weather or to the action of water : in such 

E 
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situations, only the hardest-burnt and best-made 
bricks should be employed. 

All kinds of mortars and cements consist of lime 
(a metallic oxide) combined with other substances, 
such as sand, gravel, clay, &c., the q««dity of 4e 
mortar depending upon the proportions of these in- 
gredients, as also upon the skill with which it has 
been prepared. Lime is obtained by submitting 
limestone, which is a carbonate of lime, to a high 
temperature, by which the carbonic acid is driven 
off, and the lime left in a pure state, or only united 
with certain proportions of other earths and oxides. 
This process is termed calcination^ and requires to 
be conducted with care, to ensure the whole of the 
carbonic acid being expelled without fusing or vili- 
fying the limestone. The lime, after being burnt, 
should not be exposed for any length of time to the 
air, from which it would re- absorb carbonic acid gas 
and water, and would be slowly reconverted into car- 
bonate of lime. The next process is that of stacking 
the lime, which consists in pouring over it a certain 
quantity of water, with which it immediately com- 
bines, the water being rapidly absorbed, with tbe 
generation of considerable heat and large quantities 
of vapour, and the lime falling into an impalpable 
powder, which is a chemical compound of water and 
lime, termed hydrate of lime. The same care should 
be taken not to expose slacked, as un^lacked, Hnie 
to the air, from which it would, in the same way, 
absorb carbonic acid gas. 
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The hydrates of lime obtained by the process 
above described, differ greatly in their properties, 
according to the composition of the limestone from 
which they have been obtained. The pure limestones 
yield a lime, termed by builders rich ox faty the 
principal properties of which are, that it will slack 
with great facility, absorb a very large quantity of 
water, with the generation of very great heat, and a 
constdierable enlargement of bulk; and then, when 
kneaded into a paste and immersed in water, it will 
remain in its soft state for years, and in running 
water would be entirely dissolved. Those limestones, 
however, which contain a large quantity of silica and 
alumina*, yield a lime termed hydraulic y from its 
property of liardening under water ; they slake with 
«mdi greater difficulty than the rich limes, require 
less water, occupy a longer time, and do not un- 
dergo ^o great an increase in bulk; but thcfir most 
important quality is, that when made into a paste, 
and immeraed in water, they set^ or become solid, in 
a few days, and, at the end of a year or less, attain 
such a degree of hardness as to splinter under a blow, 
and ai'e then perfectly insoluble in water. Between 
these two there are a great variety of limes possess- 
ing intermediate properties. The hydraulic pro- 
perties of the latter kind appear to be owing to the 

* Silica is an acid formed by the union of oxyf?en with the metal 
silicony and is the principal ingredient in sand. Alumina is a metallic 
oxide, composed of oxygen and the m«tal alaminum, and is the base 
of clays. 

£ 2 
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presence of a certain proportion of clay, and it 
been found that, by mixing clay with the riclier 
limes, and burning them together, an artificial hy- 
draulic lime or cement may be produced, possessing 
the same properties ; and some of these attempts 
have been attended with considerable success. 

Mortar is prepared by kneading the lime into a 
paste with water, and adding certain quantities of 
sand, very fine gravel, or puzzuolana^, determined 
by the quality of the lime, and the purposes to whicl 
the mortar is to be applied. 

Roman cement is a species of hydraulic lime, pre- 
pared by calcining stones or boulders of septeria, 
picked up on the sea-coast, principally in the neigh- 
bourhood of Harwich, and the Isle of Sheppy. The 
stones, when calcined, instead of being slacked, are 
ground in a mill to a very fine powder. This cement 
possesses the invaluable property of setting under 
water in a few minutes. It is frequently used quite 
pure, or without the admixture of any sand, in situa- 
tions where rapid setting is a matter of importance. 

Concrete is composed of lime, mixed with from 
four to seven or eight times its bulk of sand, gravel, 
broken stone, &c., the proportions depending upon 
the purpose for which it is used. It should always 
be thrown from a considerable height, by which its 
solidity is greatly increased. 



• Puzzuolana is a pulverulent volcanic earth, found at Puzzuoli, near 
Naples, and is principally composed of silica and alumina. 
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DIFFERENT KINDS OF CONSTRUCTION. 

Brickwork, 
There are two different methods of building brick- 
work, depending upon the relative position in which 
the bricks are placed. When a brick is laid with 
its end appearing upon the face of the wall, as a, 
figure 34, it is then called a header^ and when with 
its side as b, it is then called a stretcher. Each 
horizontal layer or stratum of bricks in a wall is 
termed a course, and it should be so built that the 
TBTtical joints between the bricks of one course are 
not in the same line with those of the course above 
or below it; thus in the figure the joint c has no 
joint above or below it, but solid bricks ; when the 
bricks are so arranged, they are said to break joint 
or hond with each other. There are two different 
methods of bonding walls in very general use, 
namely, old English Fig.^ 

bond, which consists 
in laying a course of 
headers and then a 
course of stretchers, 
as in figure 34; and 
Flemish bond, which consists in laying, alternately, 
headers and stretchers Fig. 35. 

in each course, as 
in figure 35. The 
Flemish bond has the 
neatest appearance 
upon the face of the 
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wall, but is much inferior to tbe old English bond 
in strength, and also requires much more cutting of 
the bricks. 

Where it is requi^te that the wall should be af 
considerable strength, the bond of tbe bricks only 
is not always sufficient^ on such occasions it was 
customary to build a piece of timber into the wall, 
a» shown at d, in figure 34, which ran through its 
whole length. This method, howerer, of bonding 
walls is very uncertain, because the strength of the 
wall depends upon the timber continuing in a sound 
state ; and should it rot, as in snch a situation it 
is rery likely to do, we have perhaps no means of 
ascertaining the fact, and are only made aware of it 
by the failure of the wall. This method of bond- 
ing is in consequence almost entirely superseded by 
the hoop-iron bond, first introduced by Sir Isambart 
Brunei, and which consists in laying hoop iron 
flatwise between tbe courses, as shown at a in 
figure 35 ; the iron should be slightly rusted, which 
greatly increases its adhesion to the cement or 
mortar. 

Masonry. 

In the construction of masonry, the same pre- 
cautions are adopted as in brickwork, so to dis- 
pose the vertical joints that the wall may have a 
sufficient bond; and this may be easily affected, 
since the size of the stones is not fixed. In the 
neighbourhood of the quarries, where rough stone 
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is plentiful, it is frequently employed in its rough 

state, without being faced or reduced to square 

dimensions, and is then termed rubble i 

figure 36 represents a wail 

built of rubble, but having tbe 

coping (a b), the plinth (c d), 

the quoin (b d), and the piers 

{i c), constructed of cut stone, 

which gives solidity to the wall 

and adds to its appearance. 

When a wall of masonry is of any thickness, it is 
frequently cased with cut stone on both sides, the 
middle being filled in with rubble ; in such cases, 
heading or bond stones, a a, figures 37 and 38, 
should be carried entirely through the thickness of 
the wall at certain intervals, to prevent the sides 
being forced apart by the settlement of the rubble 
between them. 

Figs. 87 <£ 38. 




In cases where it is necessary that the atones 
should not slip upon each other, and also to pre- 
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vent the joints from separating, it is usual to insert 
between them a piece of iron or copper, of a dove- 
tail form, as shown at a, figure 39, which are termed 
cramps or dowels; these are inserted half in each 
stone ; and the two having been 
placed, lead is run into the -^.99. 

space round the dowel, which 
fixes it firmly to the stone. 
Dowels are sometimes made 
of slate or other hard stone, 
and are then run with cement. 

Methods of Forming Foundations. 

The formation of a firm and secure foundation 
upon which to build a structure, is fi-equently one 
of the most difficult operations which the engineer 
has to perform, and the method adopted must de- 
pend upon the peculiar circumstances of the case. 
When the natural ground is firm, and sufficient to 
support the weight of the structure to be placed upon 
it, it is only necessary to make its surface level; 
when, however, the original surface has a considerable 
slope, it will not be necessary to bring it all to one 
level, but it may be cut into a series of level benches 
or steps. 

In most cases, however, the ground is not suffi- 
ciently firm to be trusted, and it is found necessary 
to adopt some artificial means of increasing its re- 
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sistance. One of the most common methods of 
doing this, is to drive long pieces of timber, termed 
piles, vertically into the ground, until the resistance 
which they offer is sufficient ; when they are all sawn 
off to the same level, and a platform of timber 
formed on the top of them, upon which platform the 
intended structure is built. The piles are usually 
about twelve inches square, and are pointed at their 
lower extremity, and shod with iron, to enable them 
to penetrate the ground more easily ; they are driven 
into the ground by the repeated blows of a heavy 
weight allowed to fall under the influence -^- ^• 
of gravity on their upper extremity, which ^~^ 

should be surrounded with a hoop or 
ring of iron, to prevent the pile being 
split by the blows. Fig. 40 is a section 
of the wall of the old docks at Hull, 
supported upon three rows of piles, 
driven three feet apart; each pile is 
eight inches square, and ten feet in 
length. 

Another method is to throw the base of the struc- 
ture over a large superficial area, which is sometimes 
done by spreading large masses of concrete over the 
ground, and spreading out the wall with footings, or 
by laying large flat stones over the ground as a 
foundation course upon which to commence build- 
ing. When the soft ground is only superficial, and 
becomes firm at a greater depth, it is usual to excavate 
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the loose strata, and fill up to the level of the bottom 
of the intended masonry with concrete. When a 
structure is supported upon piers, or detached pillars, 
the bases of which do j^. 41. 

not cover a sufficient 
area to support them 
without danger of set- 
tlement, the weight 
which they carry may 

be spread over a much larger surface by turn- 
ing inverted arches between them, as shown in 
figure 41. 

It sometimes happens, that although the ground 
generally may be firm, in one or two spots it may 
be loose or soft, and not capable of sustaining the 
requisite load ; in such cases an arch may be turned 
over the soft place, if not too extensive : in cases, 
however, where it has been too wide to be spanned 
by an arch, wells of brickwork have been resorted to, 
which have been sunk down to the firm ground, and 
then the structure built upon them : this plan was 
resorted to by Sir Christopher Wren in building the 
chancel of St. Paul's Cathedral, under one comer of 
which a large pit, or pot-holey of loose ground was 
found. 

In conclusion, we must not omit to mention the 
screw-pile, invented by Mr. Alexander Mitchell, and 
which has been used with great success for the foun- 
dation of lighthouses, in situations where, from the 
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depth of water, or loose nature of the bed, any of the 

ordinaiy means would have been totally inefficient. 

It consists of a large spiral flange, or ^*9' **^ 

screw of iron, making about one turn 

and a half, as shown in fig. 42 ; it has a 

square spindle at a, upon which the pile 

or column a b is fixed ; and it is secured 

in the ground by screwing it down to 

any depth that may be found requisite, 

which is easily effected by turning round -^n^^^—^ 

the pile a b. ^Vt^ 

Carpentry. 

The most important branch of carpentry to the 
Civil Engineer is that which relates to the me- 
thods of joining or connecting timbers together; 
, and we shall briefly describe those most usually 
employed. 
Figure 43 represents two different methods of 
I joimug two pieces ot timber in the direction of their 
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length: such a joint is termed a scar/, a a £ii€ 
wedges very slightly tapered, termed keys; ihese 
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keys should not be driven in tighter than is suf- 
ficient to bring the parts together, and not so as 
to cause any strain on the joint. l^p. 44. 

It is usual, where great strength is 
required, to secure the joints with 
plates and bolts of iron. 

When it is desired to lengthen 
a timber placed vertically, as a 
post, it may be done in either of 
the ways shown in figure 44^ oif 
which the left hand figure is the 
simplest. 

When two timbers cross each other at right an- 
gles, it is usual to notch each of them half through 
as at A, figure 45, which is termed halving them. 

Fig. 45. 



U^ 
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When one timber merely meets or abuts against the 
other, the joint is formed, as shown at B, which is 
tibrmed mortising them together; the tongue a is 
c^^lcd a tenon, and the hole to receive it b the 
mortine^; the joint is usually secured by an oak 
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pin driven in at c. When both pieces meet, 
forming a right angle or comer, they may either 
be halved together as shown at c, or dove-tailed as 
at D ; the former is the best, as being less afiected 
by shrinkage of the wood. 

When one timber abutting against another makes 
an acute angle with it, as in the case of the prin- 
cipals of a roof, the joint may be formed as shown 
at A, figure 46; where, however, there is a con- 

2%. 46. 




siderable strain upon the joint, it is better to make 
it as shown at B, in which the bearing is more 
equal, and is not affected by any settlement of the 
framing. 



THE END OP THE FIRST PART. 
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PART 11. 



CHAPTER IV. 

SPECIAL CONSTEUOTION. 
COMMON BOADS. 

Determination of Route. 

In the laying out either of a canal, common road, 
or railway, the first and one of the most important 
points to be considered is the determination of its 
route or general course. The selection of the best 
line should be guided by many circumstances, 
amongst which the following are the most impor- 
tant: — ^the primary object being usually the con- 
nection of two distant towns, it is desirable to obtain 
the most direct and shortest means of communica- 
tion, which in point of distance would obviously be 
a straight line; but it is very seldom that a per* 
fectly straight line can be obtained, because there 
are other requisites equally desirable, which can 
seldom be attained by taking the most direct route ; 
these are — as little deviation in the surface of the 
road or canal from a perfect level as possible 



2 RUDIMENTS OF 

(avoiding steep inclines in one case and locks in 
the other), economy in the constrnction of the line, 
the cost of which will be principally affected by the 
unevenness of the original surface of the conntry, 
the nature of the ground, and the number of 
streams, rivers, roads, &c., required to be crossed 
by bridges. Tliere is also another circumstance 
which frequently makes it desirable to leave the 
direct and take a somewhat circuitous course, and 
this is the passing through or near to intermediate 
towns lying between the terminal ones, by which 
the country generally is better served, and an ac- 
cession of traffic brought to the road or canal. 

The course of the best line depending on so 
many circumstances, it will be easily understood 
that it requires much care and consideration cm the 
part of the Engineer for its selecticm. In order to 
obtain the requisite data, or the information vapaa 
which to form his judgment, he usually proceeds to 
a general examination of the district, in which, as- 
sisted by some good map showing the physical 
features of the surface, and accompanied by some 
person conversant with the country, he ascertains 
the courses of the valleys and hills, makes geneial 
inquiries as to the nature of Ae strata, the position, 
population, and trade of the neighbooring towns, 
and all other points which may affect his selection. 
He then sketches out one or more Hoes which 
appear to him to be most advantageous; these he 
has carefully surveyed and levelled over, having also 
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cross levels taken by which be may be able to 
ascertain whether any beneBt may be obtained by 
deviating from the line at first laid down. 

Being thus in possession of all the requisite in- 
formation, he finally determines the course of the 
line, which is then laid down upon the plan, and 
also marked on the ground by driving a wooden 
stake, about eighteen inches in length, into the 
ground, upon the center of the intended road or 
canal, at convenient distances, usually a chain 
(or 66 feet) apart. Very carrful levels are then 
taken over the line thus marked out, every undula- 
tion in the surface of the ground being taken notice 
of; the width of every stream, river, canal, road, 
&c., is measured, as also the level of its surface and 
the exact angle (called the angle of skew) which its 
direction makes with that of the line; it is also 
necessary, where the surface of a road crossed by 
the line will require to be altered, to have levels 
taken along it for a short distance, so that the exact 
amount of such alteration may be accurately de- 
termined. From these levels a section must be 
formed representing upon paper the undulations of 
the ground; in order to render these more easily 
perceptible, it is usual to distort the section by 
drawing the lengths and heights to different scales. 
For example, suppose figure 47 to represent a 
section of a short line of railway; The irregular 
line ABCDEFGH, represents the surface of the 
ground; but, in order to render the undulation in 

B 2 
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the same mora dis- 
tinct, the horizontal 
distances are drawn 
on a scale of 00 
chains to the inch, 
that is, eveiy inch 
measured along the 
line IK represents 
a distance of 90 
chains or 3300 feet 
on (he ground ; 
while the vertical 
heights are drawn 
to a scale of 100 
feet to the inch, 
that is, every inch 
measured in a di- 
rection perpeudi- „ 
cular to the line = 
I E represents a 
height of 100 feet. 
It is usual to 
refer the levels to 
some fixed point 
termed the Datum, 
which in the pre- 
sent instance is 
taken 4S feet below I" 
the suiiace of the 
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ground at the point a ; a line I K, called the datum 
lincj being then drawn horizontally through the 
datum, the heights of the ground at any point are 
always measured from it. 

The levels having been taken and the surface 
of the gjround plotted or drawn in section, the 
next step is to determine the levels at which 
the intended road or railway shall be formed; 
the latter being the most difficult and requiring 
, the most consideration, will afford us the best ex- 
ample. Now, the principal objects to be borne 
in mind are — to make the surface of the railway 
as nearly level as possible, to make the cuttings 
and embankments balance each other, that is, to 
make, as nearly as may be, the quantity of ground 
excavated from the higher parts equal to that 
required to form the embankment across the more 
depressed parts, to alter and affect prejudicially 
the existing roads, &c., as little as practicable, 
and to keep the cost of the line as low as possi- 
ble. In the present instance roads are crossed at 
B, D, £, and F, of which it is desirable that only E 
should be altered in level; there are also two rivers c 
and G, both of which require a bridge having a clear 
headway of at least 17 feet. Now, in order to pass 
under a road without raising it, the rails must be 18 
feet below its surface, and, in order to leave a clear 
headway of 17 feet at c, the rails must be made 20 
feet above that point. If, then, we draw a line a d 
fulfilling these conditions, it will represent the sur- 
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&ce of the rails, and the railway will be in cntting 
from ▲ to Ly and on an embankment from l to d. 
The distance a d is 90 chains, or 5940 feet, and the 
height of the rails at a 40 feet abore the datnm, and 
at D 45 feet above the same, being a rise of 5 feet in 
a distance of 5040 fbet, or 1 foot in 1188, which is 
the inclination of the suiiace of the rails, and is 
technically termed the gradient. The next point 
requiring consideration is the road at f, in order to 
avoid raising which, the level of the rails must be 
kept as before 18 feet below its surface; then putting 
the point M that distance below f, and drawing the 
line DM, it will represent the surface of the rails^ 
the whole distance being in cutting. The cutting 
at £ being only 10 feet in depth, it will be necessaij 
to raise the road at that point 8 feet, in order to 
obtain sufficient headway for the railway to pass 
under it A cross section must be made similar to 
that shown in the figure, in which the whole line ah 
represents the original sur&ce of the road, the 
dotted line c d the proposed surface of the road 
after being raised 8 feet, the inclination at which it 
is to be formed being 1 in 20, and the short thick 
line ef the level of the rails. The distance from o 
to M is 10 furlongs, or 6600 feet, and the rise of the 
rails ^Q feet, or 1 in 100, which is the gradient of 
that portion of the railway* In arranging the level 
of the line from M to H, we must take care to leave 
a headway of 17 feet in passing over the river at o, 
and at first sight this might appear to be the only 
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chcumstance to be attended to. If, however, the 
levds were so arranged as only to leare a headway 
of 17 feet at the river, the line would terminate with 
a descending gradient of 1 in 108, which would be 
very objectionable, because it is always desirable to 
make a railway approach the terminus on the level, 
or even mth a rising gradient, which latter serves 
the double purpose of checking the speed of trains 
coming in, and assists in quickly getting up the 
speed of those going out. It will therefore be ad- 
visable to raise the line so as to lessen the rate of 
inclins^ion, the doing which will be attended with 
veiy small expense, because the cutting from n to 
M will afford all the material required for forming 
the embankment. If we, therefore, increase the 
gradient to 1 in 600, the distance from M to H being 
7 furlongs, or 4620 feet, the fall in the line will be 
77 feet, and therefore its level at the terminus 103*3 
feet above the datum; and it will be in cutting 
from M to o, and on embankment from o to h. 

Of the Course J Gradient y and Transverse Section 

of the Road. 

In determining the course of a road, it is fre- 
quently necessary, in order to avoid some obstacle, 
to change or alter its direction ; in such cases, the 
larger and more regular the curve of the road is 
made the better, although with common roads it is 
not necessary to pay so much attention to this point 
as with railways, and in some instances a vety sharp 
curve or bend may be found necessary. 
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In arranging the levels of a road (as also a rail- 
way or canal) it is very desirable to avoid nndnla- 
tious in its surface, that is, successive inclined 
planes alternately rising or fsJling, since mnch 
power is required to be expended in going up the 
hills, while veiy little will be saved in descending 
them. When, therefore, the two towns to be con- 
nected are nearly on the same level, we should 
endeavour to make the surface of the road as nearly 
level as possible ; and, when one town stands on a 
higher level than the other, the connecting road 
should be formed as nearly as possible with a 
regular inclination rising from the lower to the 
higher. This may frequently be partially effected 
by making the road wind round the side of steep 
hills, or deep valleys, keeping in each case at the 
level required ; it is, however, very seldom that we 
can entirely attain this desirable condition of the 
surface of the road. 

When, however, undulations in the surface of the 
road are unavoidable, we should endeavour to maJ^e 
them as slight as possible, the limit (except in veij 
urgent cases) being that inclination at which a 
carriage once set in motion upon the road would 
continue to descend by the action of gravity alone, 
because, if the hill is steeper than this, the carriage 
would have its motion accelerated in descending, 
and would press upon the horses, urging them 
forward beyond a safe speed. This limit is attained 
when the inclination of the road is made equal to 
the limiting angle of resistance for the materials 



J 



CIVIL SNGINEEBINO. 



9 



composing its surface^, and therefore varies with the 
nature of the road, depending for its valae upon the 
force required to move a given load upon it. The 
foUowing Table exhibits the force required to more 
a load of a ton on each of the roads described, as 
also the limiting angle of resistance and the greatest 
inclination which ought to be given to the road. 



Description of the Road. 



WelUIaid pavement 

Broken stone surface, on a bot- 
tom of rough pavement or con- 
crete t 

Broken stone surface, laid on an 
old flint road 

Gra?elroad 



MB 

ill 



dd 



46 

65 
147 






8 



pi 



50 



1 11 

I 40 
3 45 



1 in 68 



lin49 

lin84 
linl5 



In arranging the cross section of a road, the width 
must depend upon the locality and the amount of 
traffic: for roads much frequented between large 
towns the width should not be less than 30 feet, 
with one footpath of about 6 feet in width; and, 
on approaching the immediate neighbourhood of the 
city, it may be increased to 45 or 50 feet, with two 
footpaths, each of 6 feet. The form of its cross 
section should be rounding, in order that rain falling 

* The expression ** limiting angle of resistance,** is not used here 
exactly in its ordinary sense, but means the angle at which a carriage 
once set in motion would continue to roll down the incline. 

B 3 
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npon it may readily dnin oflf and not remain in 
paddles, irtiicli would soak throu^ and soften the 
foundation of the round. The form most usually 
adopted ia that of a flat ellipse, but this is not so 
good as the segment of a circle, OTy better still, two 
tangents joined by a segment, the ellipse b^ng too 
flat in the center of the road and giving too great 
an inclination at its sides. With a width of 30 
feet, the crown of the road should not be more than 
6 inches above the sides, and in most cases it would 
be better not to make it more than 4 inches higher. 
The sur£Eu:e of roads should always be as much as 
possible exposed to the free action of the sun and 
wind, by which rain falling upon it is speedily eva- 
porated and its surface is maintained dry ; for which 
reason high fences or hedges by the sides of roads 
are objectionable, as are also trees standing by the 
road-side, which not only impede the sun and wind, 
but also injure the road by the drippings of rain 
fiadling from their leaves. Ditches should be formed 
on each side of the road to catch the water draining 
from its sui&ce i and on the side on which is the 
footpath small drains should be formed under the 
same, to lead the water from the gutter on that side 
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into the ditch. Figure 48 exhibits a road 30 feet 
in width, with one footpath 6 feet wide, having ita 
cross section of the form recommended above, and 
with side ditches. 

However efficiently the surface of a road may be 
drained by preserving its cross section of the proper 
form and free from depressions and rats, and 
although freely exposed to the action of the sun 
and wind, unless the superficial coating of the road 
is very compact, some portion of the rain frdling 
upon it will soak through, and find its way to the 
foundation upon which the road is formed. It is 
therefore customary in good roads, in ordeir to re- 
move any water which may thus find its way to the 
sabstratum of the road, to form open tile drains 
across the road at certain intervals, depending upon 
chrcumstances, but usually about 60 yards apart, 
and having a slight inclination from the center of 
the road into the ditches on each side. When the 
road is level, these transverse drains should run 
straight across it at right angles to its direction ; but» 
when it is inclined, the drains should be formed 
as shown on the plan, fig. 49, making an angle in 
the center of the road, from which point they run 
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straight each way into the side ditch, slightly in- 
clined in the direction in which the road falls. 

Of the different kinds of Roads, and the Materials 
employed in their Construction. 

In the construction of smy kind of road, the point 
requiring the first care is to form a good and 
sufficient foundation ; by properly attending to 
which, although the cost of its formation may be 
somewhat increased, any additional outlay on that 
account will be more than repaid by the saving 
which will result in the expense of repairing the 
road. In the general practice, the formation of a 
good foundation is seldom sufficiently attended to, 
the principal care being usually bestowed upon the 
superficial coating ; if, however, the foundation of 
the road is deficient, no care or expense bestowed 
upon the covering will render the road durable. 
It should be borne in mind that the substratum is 
really the working road which has to support the 
weight of the passing traffic, and that the office of 
the covering is simply to protect the actual road 
beneath it firom wear. 

Roads may be divided into two kinds, those 
which have their surface protected by pavings 
whether of stone, wood, &c., and those whose 
surface is formed by a covering of broken stones, 
or macadamised*. The latter method derives its 

* The term macadamised roads should strictly be applied only to 
such roads as are formed entirely of broken stones without any rougb 
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name from the gentleman hy whom they were first 
brought into notice. 

In forming a macadamised road, if the ground is 
firm and diy, the only preparation required is to 
bring its surface to a true leTel ; should it however 
be at all wet, or of a marshy character, the portion 
upon which the road is to be formed should be 
first carefully and thoroughly drained, which may 
usually be most effectually done by cutting deep 
drains running parallel to the intended course of 
the road on either side of it, and, if it is found 
necessary, forming cross drains between them 
having a fall each way. The ground having been 
thus drained, a covering of turf or of brushwood, 
the latter not less than 6 inches in thickness when 
compressed, should be laid over the surface of the 
soft ground, and upon this should be spread a 
coTering of 3 or 4 inches of clean gravel, the upper 
suface of which should be level. The foundation 
of the road should now be formed, by laying a kind 
of rough pavement as shown in the section figure 
48, consisting of rough stones of any kind of stone 
that can be most readily procured, laid carefully 
by hand widi their broadest faces on the ground ; 
these stones should be not less than 7 inches in 
depth in the center of the road, gradually diminish* 
mg to 3 inches in depth at the sides, and the 

pavement for their foundation ; but of late years it has been found 
Gonyenient to apply the term to all roads composed of and repaired 
with broken stones. 
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intersticet between tb^n should be carefbUy filkd 
with stoDc chippingSy so that the upper satfiaice 
when finished maj form a legular cnrre with a 
convexity of about 4 inches. The material for 
forming the suxCatce of the road should then be 
laid on, forming a uniform coat 6 inches m thick- 
ness. For the center portion of the road care 
should be taken to select a stone which is hard and 
not fiiaUe ; granite, whinstone, and the harder lime 
stones are the best suited for this purpose; and 
they should be broken into angular fragments, the 
largest of which should be capable of being passed 
through a ring 2^ inches in diameter. For the 
sides of the road well-cleansed strong gravel may 
be used. A good binding of clean gravel peifecdy 
free from earth or clay, about 2 inches in depth, 
should then be laid over the entire suifiu^e of die 
road. It is better to put only 4 inches of the 
broken stone at first, smd, after this has become con- 
solidated by the traffic, then to lay on the remam- 
ing 2 inches, caie being taken, however, to fill up 
any ruts which may have been formed. 

As much care and attention are required for the 
economical repair of roads as for their first con- 
struction. Particular care should be taken that the 
side ditches and drains are kept clear and free from 
any obstruction ; ruts, hollows, and inequalities in 
the road should be filled up the moment they 
appear, the best time for doing which is after wet 
weather, when they are not only more readily seen, 
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bat, die road being then soft, the new material works 
in without being crushed or ground to powder, f<»r 
which reason the {Nroper time for the general repair 
of roads is about April and October. Nothing 
tends more to the presenration of a road than keep- 
ing its sui&ee clean and free from mud, which 
should be continually scraped o£f and never allowed 
to accumulate. 

In constructing paved roads, the same care 
diould be taken to secure a good foundation as in 
forming macadamised roads. The most perfect 
foundation for pavement is a bed of concrete, the 
thickness of which must depend upon the nature of 
the ground beneath it, but should in no case be less 
than 6 inches, and its upper surface should be 
formed with a regular convexity similar to that 
intended to be given to the road. Two different 
kinds of materials are used for paving roads, viz., 
stone and wood; of the former, the stone most 
generally employed is granite, and the best descrip- 
tion of pavement consists of narrow stones not 
more than 4 inches in thickness and about 9 
inches in depth placed edgewise. The stones 
should be beaten into their places by a heavy 
wooden beetle and grouted with a thin lime grout- 
ing, after which a covering of fine clean gravel, 
About 1) inch in thickness, should be evenly 
spread over its surface. Wooden pavement has 
been successfully employed for several years in 
Russia, and has lately been introduced into Eng- 
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land, and is &i superior to stone pavement as 
regards the comfort both to passengers and resi- 
dentSy arising from the eyenness of its surface and 
the absence of noise ; many diffexcipt kinds hare 
been tried, the objects sought for being to prerent 
irregular settlement of the blocks, and to remove 
the slippeiiness of its surface ; the former of these 
objects has not yet been, nor will it ever be, 
attained while the unyielding quality is sought to be 
obtained from the pavement itself* and so little 
attention is paid to the formation of a firm fomida^ 
tion. The timber should merely be regarded as a 
durable and elastic covering to protect the solid and 
well-formed road, which ought to be first con* 
structed under it*. 

RAILROADS. 

General Arrangement of the lAne^ and Determiruh 
tion of Curves and Gradients. 

The determination of the general course of a 
railway should depend upon the same principles as 
those already laid down in the case of common 
roads. It should, however, be borne in mind that 
it is a matter of much greater importance in the 
former than in the latter, that the line of rails 
should deviate as little as possible from a perfectlj 
straight and level line. Considering a line of rail' 

* For further information on this subject the reader is referred to 
the Rudimentary Treatise on Road-making published by Mr. Weate. 
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way by itself simply as a means of travellingy with- 
oat considering the interest of the district through 
which it may pass, that line is theoretically the best 
which is perfectly straight and level throughout its 
course. In practice, however, such a line is not 
only unattainable, but even the attempt to approxi- 
mate to it would frequently be inexpedient and pre- 
judicial to the interests of the district passed through, 
on account of the large outlay which such an attempt 
must necessarily entail, and the obligation to con- 
struct branches to serve those towns lying to the 
nght or to the left of the straight line, which towns 
a line with moderate curves might perhaps have been 
made to pass through. 

Much difference of opinion exists amongst en- 
gineers as to the extent to which the attainment of 
a straight line and easy gradients should be made 
subservient to the peculiar requirements of the 
districts and to economical considerations. In a 
paper on the " Economy of Railways in Respect of 
Gradients," read by Mr. Vignoles at the tenth 
meeting of the British Association in 1840, he 
stated that, after having made a careful comparison 
of the working expenses of various railways in which 
the gradients and curves differed materially, he had 
arrived at the conclusion that the cost of working 
the line, reduced to per train per mile, might be 
taken on the average at 3 shillings, and that it 
appeared to be " irrespective of gradients or curves^ 
This is a subject not only of interest to the en- 
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giBeer, but also to the pidalie genefallj, and it 
vould be yerj desirable that the resotts of the ex- 
periexkce which has been gained during the eif^ 
years subsequent to the time wh^i Mr. VignelM 
made his comparison, should be collected and c(md- 
pared, and that the inquiiy should not only include 
the cost, but abo the average speed and number of 
accidents that have occurred. 

Although the det^mination of the curves and 
gradients in any particular case must, in a great 
measure, depend up<m the peculiar circumstances 
attending it, there axe, nevertheless, certain geneid 
rules which should always, if possible, be attended 
to. Those relating to curves are, that sharp curves, 
where unavoidable, should be brou^t as near as 
possible to stations or other stopping places, and on 
no account on steep inclines, in order that the trains 
might not traverse the curve with any considerable 
velocity, since the tendency to leave the rails in* 
creases as the square of the speed of the train ; and 
curves should if possible be made on those portions 
of the line which are either on the surfisice or em- 
banked, and not in deep cutting, where the curving 
of the railway would prevent a clear view of the line 
for any distance being obtained. With regard to 
gradients, where practicable, they should rise eacb 
way towards a station or other stopping place, so 
that the gravity of the train may assist in lessening 
its speed when approaching the station, and in 
attaining speed in departing from it In long in- 
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clines it is desirable to form occasionally short 
benches or level portions, wMchy while tfaej check 
the ^eed of a descending tiain^ materiallj assist 
those ascending. 

Of Forming the Ctdtings and EmhanhmenU re- 
quired for Railways. 

In forming the cuttings and embankments for 
railways, it is desirable, as far as expense is con- 
cerned, that the slopes of their sides should be 
formed as steep as the strata of which they are 
composed will allow. No general rule can be given 
for the slope at which the sides of either cuttings or 
embankments will stand, even when the description 
of the soil is given, because there are such a variety 
of other circumstances by which they are affected. 
Under favourable circumstances, however, in cut- 
tings, most kinds of stone will stand vertically, chalk 
at about -J- to 1*, sand and gravel at about 1^ to 1, 
and clay at about 2 to 1. 

The cuttings on the London and Birmingham 
Railway have afforded much useful information. 
One of the cuttings on that line, near Cow Roost, 
dirough a very wet white chalk, although only 
25 feet in depth, required a slope of 1 J^ to 1, while 
that at the north end of the Watford Tunnel, although 
consisting of soft wet chalk mixed with flints, stands 
with a slope of £ to 1 ; as does also the cutting, 

* These numbers express the ratio of the base of the slope to its 
vertical height; thus, in a cutting 20 feet in depUi, and with slopes of 
1 1 to 1, the cutting would be 30 feet wider on each side at the top than 
at the bottom. 
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35 feet in depth, thioagh chall(> chalk-marl, and 
grarel, at the Dorth end of the Tiiog Tniuiel. One 
of the moot interesting, however, of the cuttingB on 
this line, is that near Blisworth, a section of which ii 
shown in fig. 50*. In this case, a stntum of limestOM 

Fig.Vf. 



rock, about 25 feet in thickness, was found about the 
center of the cutting (vertically), having looser strati 
both above and below it, and the difficulty to be over- 
come was to prevent the latt«r, consisting of wet 
clay, from being forced out by the weight of tha 
superincumbent mass of rock, which was veiy 
successfully done in the following manner : a rubble 
wall, on an average 20 feet in height, was built 
on each side, underneath the rock, in the manner 
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shown in the figure, strengthened by buttresses at 
erery 20 feet, resting on inverts carried under the 
line. Behind these walls a puddle drain was formed 
with a smaller drain through the wall, by means of 
which the water was led off from the wet strata im- 
mediately beneath the rock. The right-hand half of 
the section is taken through the wall, between two 
of the buttresses, and the left-hand half through one 
of the buttresses and the invert ; the method here 
adopted is technically called undersetting. The 
rock itself is cut to a slope of ^ to 1, and the strata 
above it to a slope of 2 to 1, a bench 9 feet in width 
being left on the upper surface of the rock. 

The Newcastle and Carlisle Railway affords an 
example of a cutting 110 feet in depth, through clay 
intermixed with veins of sand, standing with a slope 
of l\ to 1. This cutting is through the Cowran 
Hill, and the lower part, to the height of 14 feet, 
is supported by a stone retaining wall, haviug an 
open drain along its summit, which receives the 
water from the surface of the slope, 

A remarkable instance of the tendency of some 
kinds of ground to slip has been afforded by the 
cutting (nearly 100 feet in depth) through the London 
clay on the London and Croydon Railway, near 
New Cross. The slopes were finished at 2 to 1, and 
stood (with the exception of a few small slips) at 
that inclination for about two years, when, after a 
succession of wet weather, they suddenly commenced 
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slipping to such an extent that the line was Tendered 
impassabte for some weeks, and some parts of the 
slopes had to be reduced to an indinadon of 4 to 1. 

Many different methods have been suggested and 
adopted to prevent slips from taking place. But 
one of the simplest means is thorough drainage, 
without which the best description of ground viD 
in time be acted upon by the combined action of 
land springs and the weather. 

With regard to embankments, although less un- 
certainty exists as to the slopes at which different 
descriptions of ground will stand, still this depends 
in a very great degree upon the nature of the ground 
supporting the base of the embankment; as well as 
the state of the weather, and the care and attention 
bestowed upon it during its formation. 

Many embankments have fidled in consequence 
of the ground upon which they have been formed 
not being sufficiently firm and solid to support the 
large additional weight thus faroug^ upon it; to 
prevent this cause of failure, it is desirable to form 
very high embankments of die lightest material 
that can be obtained, to extend the base of the em- 
bankment, and, if the ground upon which it is to be 
formed is soA; and saturated with water, thoroughly 
to drain it previous to forming the embankment 
A remarkable instance of the fedlore of an embank- 
ment from this cause was afforded in the case of the 
Newton Green embankment, on the Sheffield and 
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Mancliester Railway^ which sabnded to such an 
extent that the base of the embankment spread out 
to two or three times its original width, and it was 
found necessary at last to carry the rails across those 
parts which had slipped, upon timber shores. 

A striking instance of the saccess of the means 
which we hare enumerated for carrying embank- 
ments over loose ground has been afforded by the 
construction of the Liverpool and Manchester Rail* 
way across Chat Moss, by the late Mr. Geoige 
Stephenson. In this case the ground was of so soft 
a nature that cattle could not walk upon it, and an 
iron bar sunk through it by its own weight, the moss 
being in many parts not less than 84 feet in depth. 
That portion of the moss upon which the embank- 
ment (in some parts as much as 12 feet in height) 
was formed was first thoroughly drained by deep 
drains cut parallel to the intended line of the rail- 
way; and, when this had been properly effected, the 
embankments were formed of the fightest material 
which could possibly have been employed, namely, 
of Ae dried moss itself! Had the usual heavy 
materials, such as clay and gravel, been employed, 
their weight would have caused them to sink through 
ihe moss until they reached the firm ground beneath, 
and the quantity which would have been required 
would have been immense ; as was found to be the 
case upon the same line, where, an embankment 
only 4 feet in height having been formed over a 
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smaller moss, of a similar description, the quantity 
of clay and gravel employed would have formed an 
embankment 24 feet in height, on firm ground. 

The slopes of both cuttings and embankments, as 
soon as they have been trimmed to their proper form, 
should be covered with soil, and sown with rye-gra^s 
and clover seeds mixed, which soon spring up, and 
form a very effectual protection fi'om the influence 
of the weather. 

Of tlie different kinds of Railway, 

Railways may be divided generally into Loco- 
motive^ Rope, as the London and Blackwall Railway, 
and AtmospheriCyZA the Eangston and Dalkey, or tbe 
South Devon Railways. Each of these might, how- 
ever, be further divided into several varieties. 

These different kinds of railways principally differ 
in the means employed for imparting motion to the 
trains; in the first, the train is drawn by a steam 
engine of peculiar construction, termed a locomotive 
engine* Fig. 50 represents a longitudinal section 
of the Iron Duke locomotive engine, employed 
on the Great Western Railway ; and figures 51 and 
52, two transverse sections of the same ; the former 
taken through the fire-box, and the latter through the 
cylinders and chimney. The boiler a is of a cylin- 
drical form, terminating in a square vessel b, having 
a semi-cylindrical shaped summit ; in this latter is 
placed the fire-box c, the two being securely riveted 
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the cylinders of the engine immediately as it is 
generated in the boiler, in which state it is mixed 
with a large quantity of water in a very fine state of 
mechanical division, which gradually accumulating 
m the cylinders impedes the working of the engine, 
and might cause a fracture of some part of the ma- 
chinery. This effect, which is termed priming^ is 
avoided in a degree by making the steam chamber 
as capacious as possible, by which means time is 
afforded for the separation of the water from the 
steam, and it is still further guarded against by the 
mode in which the communication is made between 
the boiler and the engine. The steam-pipe i, by 
which the steam is conveyed away from the boiler, 
traverses the whole length of the upper part of the 
boiler, and the steam is admitted through a great 
number of small holes in its upper side, by which it 
is strained, as it were, and separated from any water 
which might have been mixed with it ; and the same 
object is still further effected by two plates of iron 
/,/, fig. 51, fixed to the upper part of the boiler, 
and reaching down in a sloping direction nearly to 
the surface of the water, leaving only a narrow space 
between their lower edges and the steam-pipe ; so 
that the water which may be mingled with the steam 
when it is first formed strikes against the plates^^^ 
and falls back again into the boiler. As the water 
in the boiler should always be kept at such a height 
as to cover the top of the fire-box c, a small tube J, 
%. 50, is traced vertically at the end of the boiler, 

c 2 
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being connected with it at each extremity hj a 
short pipe : in this tube there are three cocks m, n, o, 
placed one above the other, the heights of which aie 
so arranged that when the water in the boiler is at 
its usual level, the cock m shall be in the steam, and 
the two lower ones, n and o, in the water, so that tbe 
engine driver, by simply turning the cocks in suc- 
cession, and observing whether steam or water issues 
from them, will know the exact level of water in the 
boiler; for if steam issues from all the cocks, he 
knows that there is not sufficient water ; but if 
water issues from all of them, he knows that tbeie 
is too much. As much danger might result if 
the pressure of the steam in the boiler were to 
become much grearter than that at which it was 
intended to be worked, two sa/etj/ valves, as they 
are termed, are provided, which are so contrived 
that whenever the pressure inside the boiler becomes 
greater than it ought to be, the valves open and 
allow the discharge of the steam. One of these 
valves is placed at x on the steam chamber, and 
indicates, for the information of the engine driver, 
the pressure in the boiler at any time by a graduated 
scale. The other valve is usually placed on the 
middle of the top of the boiler, and is protected by 
a cover fronlVbeing interfered with or altered even 
by the en^ne drivers themselves, who from habit 
become frequently so accustomed to danger, that, 
reckless of the consequences to themselves, they 
would not hesitate to risk their life by fastening 



CIVIL ENGINEERING. 29 

down the valve in order to obtain a greater speed 
with their engine. From the rapid motion of the 
engine, its external surface is constantly exposed to 
a fresh body of cold air, and in order to prevent the 
cooling influence which this would have upon the 
steam and water, the whole of its external surface is 
cased with wood, a layer of dry felt being laid be- 
tween the wood and the boiler. 

The steam haviug been generated in the boiler, 
is led away by the pipe i, to the cylinders m, m, 
where it is caused by the valves n, n, to act alter- 
nately on the top and bottom of the piston o, which 
fits the cylinder so tightly that no steam can pass 
between them, and by pressing upon it causes it to 
move backwards and forwards from one end of the 
cylinder to the other, carrying with it the piston rod 
p, which latter being attached to a crank Q, by 
means of the connecting rod R, causes it to revolve 
in the direction shown by the arrow. The ordinary 
manner in which the steam is admitted alternately to 
each end of the cylinder is shown in fig. 53. The 
steam pipe i, after leaving the boiler, divides into 
two branches, each of which leads into a chamber 
t, communicating with each end of the cylinder by 
the passages j and A:, and also by means of the 
passage /, with a pipe x (figures 50 and 52), by 
which the steam, after being used in the cylinder, 
is led away to the chimney. A valve n, some 
what of the form of the letter Q , is so arranged 
that, while it forms a connecting passage between 
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the passage I, and one of the passages j oi k, the 
other one is led open. If ve hot wippose ihf 



valve to be in the position shown in figure 53, the 
Bteam from the chamber i wonld enter the cylinder 
by the passage^', and pressing upon the upper Kide 
of the piston o, would cause it to move towards the 
bottom of the cylinder, while the valve n, bebg con- 
nected with the machinery, would hare moved in 
the opposite direction, and when the piston bad 
reached the bottom of the cylinder, it would then 
be in such a position as to close both the passa^ 
j and k ; as the machinery would, however, continiu 
its motion from the momentum which it had ac' 
quired, it would cause the piston to begin to mo« 
back again towards the top of the cylinder, and aim 
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move the valve n until it had been brought into the 
position shown by the dotted lines in the figure, 
when he passage k being in communication with t, 
the steam would enter the bottom of the cylinder, 
and now pressing on the underside of the piston, 
would cause it to continue its motion ; while the steam 
which had previously occupied the upper part of the 
cylinder would escape by the passages y and I into 
the pipe x^ from which, being expelled with some 
Tiolence into the chimney, a powerful and continuous 
draught would be produced through the fire. The 
cylinders being inclosed in the chamber o are always 
surrounded with heated air, by which means any con- 
densation of steam in them is prevented. 

The form of valve n, which we have just de- 
scribed, is open to the objection that the steam 
pressing with connderable force on its upper sur- 
&ce, causes great friction, from which results the 
doable disadvantage of rapid wear of the face of the 
valve, and the requirement of a considerable force 
to move the valve. In the * Iron Duke ' these ob- 
jections are removed by connecting each valve with 
& piston q, fig. 52, fitting elcactly the steam-tight 
<2ylinder r, situated within the chamber e, into which 
^ steam is conveyed in the manner already de- 
scribed from the boiler by the pipe i, which does 
Bot, however, divide into two branches in this case, 
tt one steam chamber, t, is made to serve for both 
cylinders. Now the chamber i being always filled 
^th i^eam, and tl^ steam being prevented from 
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entering into the space shown between the pistons 
q^ qy their outer surfaces will be subjected to the 
same pressure as the valre n, and these two pres- 
sures being in opposite directions will neutralize each 
other, and relieve the face of the valves from the ex- 
cessive pressure to which by the ordinary arrange- 
ment they are subjected. The valves n, n, are 
opened and closed at the proper intervals by means 
of eccentrics t, tj in the usual manner*. 

It has been mentioned above, that a poweiful 
draught is caused through the furnace and fire tubes 
Cy Cy by the peculiar form of the ash-pan w, by 
which the air is forced or blown through the fire ; 
and also by allowing the waste steam from the 
cylinders to escape into the chimney H, by means 
of the pipe x, the effect of which is to produce a 
partial vacuum in the upper part of the chimney, in 
consequence of the air being thus forcibly driven 
out of it by the almost constant blast from the pipe 
X. This vacuum causes the external air to rush in 
through the grate and fire with a very high velocitf) 
and produces a rapid combustion and intense heat 
It is, however, sometimes desirable to lessen the 
draught, and this is effected by a peculiar con« 
trivance, which consists of a kind of iron Venetian 
blind placed in the smoke-box g, immediately in 
front of the fire tubes c, c, as shown at ^, y, in 
figs. 50 and 52. It is composed of a number of 
narrow plates of iron, connected to a frame of iron 

* See Rudimentary Treatise on the Steam Engine, page 45. 
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by hinges, in such a manner that, by raising the 
frame by means of a lever worked by a handle out- 
side the smoke-box, the plates are all set edgeways, 
so as to offer scarcely any obstacle to the free 
passage of air out of the tubes c, c ; but when it is 
desired to damp the fire, by simply depressing this 
frame, the plates are caused to close upon each 
other, similar to a Venetian blind, when the laths 
are placed so as to exclude as much light as 
possible. 

The boiler and machinery are firmly connected, 
by means of iron brackets, with a strong rectangular 
framing of timber and iron s s, which is supported 
through the intervention of the springs T t by 8 
wheels, one pair of which, n n, is firmly fixed upon the 
axle having the cranks Q q, and are therefore caused 
to revolve with them when the engine is set in motion. 
By the friction of the wheels u u upon the rails 
when they are made to revolve, the engine is caused 
to move forward, drawing with it any carriages, &c., 
to which it may be attached. The engine is always 
followed by a carriage called the tender, which con- 
tains coke and water, for the supply of the furnace 
and boiler : the water is pumped into the boiler from 
the tender by two small force pumps v v. 

We next proceed to describe the method of 
traction employed upon the London and Blackwall 
Railway, where the carriages are drawn by a rope 
moved backwards and forwards along the line by 
stationary engines at each end. Fig. 54 is a gene- 

c 3 
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ral section of tbis 
line, showing the 
position of the se- 
reral intermediate 
stations, of which 
there are no fewer 
than seren: four of 
these, namelj, The 
Minories, Cannon 
Street Road, Shad- 
well, and Stepney, 
communicate with 
the Blackwall Ter- 
minus ; and fire, 
namely, Shadwell, 
Stepney, Limebouse, 
Poplar, and the West 
India Docks, with 
the London Ter- 
minus. 

At each end of the 
line, a pak of power- 
ful marine engines is 
erected, to which the 
drums for winding 
up the rope are con- 
nected by friction 
clutches. These 

drums are of cast 
iron, each 23 feet in 
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diameter, and liheir circamfeience rerolrea, on the 
arerage, at the rate of M miles per hour. The rope 
is 5| inches in circumference, and, being upwards of 
6 miles in length, weighs about 40 tons ; it is suffi- 
ciently long to reach from one end of the line to 
the o&er when somewhat more than half the rope is 
wound upon one of the drums. It is supported 
along liie line bj cast-iron wheels, termed theevesj 
3 feet in diameter, and 7|- inches in width, which 
not only prevent the rope from trailing upon the 
gronnd, but also guide it round the curbed portions 
of the line. The carriages are connected to the 
n>pe in such a manner that they can be instantly 
released without stopping the motion of the rope, 
and again connected if required. 

In order to understand the system of working the 
fine, we must refer to the sections, figures 54 and 
55, the former c^ which represents the position of 
Ae csmsugeB upon die line ready for a down jour- 
ney. It will be seen that there are six carriages at 
the Fenchurch Street terminus, of which No. 1 is to 
be left at the Shadwell station. No. 2 at Stepney, 
No. 8 at limehouse. No. 4 at Poplar, No. 5 at the 
West India Docks, and No. 6 at Blackwall. The 
carriages numbered 7, 8, 9, and 10, standing at the 
Minories, Cannon Street, Shadwell, and Stepney, 
sre to convey the traffic from those several stations 
to Blackwall. If we now suppose half the rope to 
be wound round the drum at the London end, and 
the other half extending along the line and attached 
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if the end e of the fint rope be held fstsk, ind 
a moving force be applied to the end i of the 




other rope drawing it in the direction g kj ^ 
the axle i will be caused to reTolve, and that the 
carriage to which it is attached will be drawn along 
with a Telocity as much greater than that of the 
rope fg hy as the distance i d esH^eeds the distance 
d g^ or with eight times the speed of the rope. For 
if we consider the spoke t <{ as a lever turning on 
the point <{ as a fulcrum, and the rope f g hu 
attached to it at the point g, then it is evident^ 
if the distance d i is eight times d g^ that for evei; 
inch that the rope fg h is drawn, the axle t will be 
made to move in the same direction 8 inches. 

If, therefore, stationary engines were fixed at 
certain intervals along the line, and the lope/gk 
being wound up by them were made to move with a 
velocity of say 5 miles per hour, the train to which 
it was connected, in the manner which we have joat 
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described, would be carried along at the rate of 
40 miles per hour; and the power expended in 
moving the rope would be less tban an eighth of 
that which woold have been lost in working upon 
the ordinary system. 

The last Idnd of railway which we have to de- 
scribe is the aimospheriCj which is so called in 
consequence of the motive power being derived from 
&e pressure of the atmosphere. It has been ex- 
plained at page 14 of Rudimentary Pneumatics, that 
the air which surrounds us not only has a con- 
aderable weight, but that, owing to a peculiar 
property belonging to all elastic fluids, the pres- 
snre resulting from the weight of the superin- 
cumbent air not only acts downwards, but in 
every other direction, either to the right, to the 
left, or even upwards. On the atmospheric railway 
dds property of the air is made available for the 
purposes of locomotion, in the following manner : — 
an iron tube about 18 inches in diameter (the size, 
however, depending on the amount and description 
ef the traffic), is laid along the center of the railway, 
between the two rails, extending the whole length of 
the line. In this tube a piston is inserted, which 
fits the sides of the same with sufficient accuracy to 
prevent the escape of any air between them ; now, if 
''^e suppose this piston to be at one end of the tube, 
Ae other end being closed, in the ordinary state of 
things, although the weight of the external atmosphere 
a&iounting to 14'751bs. on the square inch, or 
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3753 lbs. over its whole area, would be borne by the 
outer side of the piston, a similar and equal pressure 
is produced against its inner surface by the effort of 
the air inclosed within the tube to escape, and whicb, 
having been, previous to the closing of the tube, 
exposed to the weight of the external atmosphere) 
had been compressed until its elastic force had be* 
come sufficient to sustain the same, and from which, 
being now relieved by the intervention of the tube, 
it exerts a force in its efforts to escape exactly 
equal to the weight of the external air. If, however, 
we by some means withdraw a portion of the air 
from within the tube, its elastic force will be reduced, 
and the pressures on the two sides of the piston will 
no longer be equal ; and when the difference of those 
pressures has become sufficient to overcome the 
friction of the piston, it will oegin to move towards 
the closed end of the tube, and will continue its 
motion throughout the entire length of the same, 
provided that the air is continually withdrawn from 
the tube, so as to keep up the requisite difference 
of pressure on the two surfaces of the piston ; and 
if, when the piston has thus arrived at the closed 
end of the tube, the order of things be reversed, and 
that end being now opened the other be closed, 
and from it the air be now withdrawn precisely in 
the same manner as was previously done at the 
other end; the piston, being pressed upon in an 
opposite direction, will commence moving back again 
through the tube, and will be brought back to the 
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position from which it first started. We have, how- 
e?er, yet to explain how the piston within the tube 
is so connected with the carriages upon the line of 
rails as to impart its motion to them, and cause 
them to traverse with it the line, alternately from 
one end to the Mother; and it is in the varying 
method of effecting this, that the principal differences 
exist between the several atmospheric systems that 
have from time to time been patented. That, how- 
ever, which we are about to describe, was originally 
patented by Messrs. Clegg and Samuda, and is the 
only one which has as yet been adopted in practice. 
In plate I, fig. 1, is an elevation of a carriage on the 
railway, a portion of the tube being put in section 
for the purpose of showing the piston within it ; and 
figs. 2 and 3, in plate 2, are transverse sections of the 
tube on an enlarged scale, a a is the tube of cast 
iron securely fixed to the same sleepers as those 
which carry the rails ; B is the piston, to which is 
attached the long bar s, having a weight at its other 
end, T^ to balance the weight of the piston, and being 
attached to the first carriage by a flat bar or plate of 
wrought iron c. termed the coulter^ and which passes 
through an opening in the upper part of the tube, as 
shown in fig. 8. This opening or slit extends 
throughout the whole length of the tube, and is 
covered by a valve of leather g, shown on a larger 
scale in figs. 2 and 3, strengthened by plates of iron 
riveted on its upper and lower sides ; this valve of 
leather being securely bolted to the tube, along only 
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one edge, the other may be raised or lowered at plea* 
fture, turning about the fixed edge after the mann^of 
a hinge. The iron plate on the upper side of this 
valve is somewhat wider than the opening in the tabe, 
for the purpose of preventing its being forced into 
the tube by the pressure of the air ; and the lowei 
plate is made exactly to fit the same, so as to fonn 
an entire circle, and prevent any escape of air round 
the piston. The sides of the opening m the tube 
upon which the leather bears, are planed perfectly 
flat, and still further to ensure the clodng of the 
valve being air-tight, a composition formed of bees*- 
wax and tallow is run in at f, fig. 2, between the 
valve and the tube ; this composition, although 
solid at the ordinary temperature of the atmosphere, 
is readily melted by a slight additional Iieat, and 
then, attaching itself both to the leather and the 
metal, forms, as it were, a hermetical sealing to the 
joint, and renders it almost entirely impervious to 
the air. This valve is protected from external in- 
jury and from the weather by thin plates of iron, i, 
about 5 feet in length, and attached to the tube by 
a leathern hinge. In its ordinary state, when no 
train is passing, this valve is closed, as shown in 
fig. 2 ; but in order that the coulter c may readily 
pass along the opening in the tube, four wheels, 
HHH, are attached to the bar s within the tube, 
which raise or open the valve, as seen in figs. 1 and 
3, leaving sufficient space for the coulter to pass 
without touching either the side of the opening or 



CIVIL ENGINEERING. 43 

the valve. After the coulter has passed, the valve 
is again pressed down into its place by a wheel B, 
%. 2, attached to the back part of the first carriage, 
and is immediately followed by a beater n, fig. 2, 
which melts the composition F, and again her* 
aietically closes the joint which had been moment- 
arily broken for the passage of the coulter c. 
Hitherto, in practice, the exhaustion of the air from 
the tube has been effected by air-pumps, worked by 
stationary engines placed at intervals of from 3 to 5 
miles apart, although other means are available and 
have been suggested for the purpose, such as pro- 
ducing the exhaustion by the condensation of steam, 
or by filling a vessel with water and allowing it to 
escape by a descending pipe upwards of 32 feet in 
height 

We have previously stated that the total pressure 
of the air resulting from its weight is on the average 
about 14*75 lbs. on the square inch; but this is 
upon the supposition that a perfect vacuum is ob- 
tained in the tube, or that the whole of the air has 
been extracted from the same : this, however, it would 
not only be impossible to perform, but inexpedient 
to attempt, because the power required to extract a 
given weight of air increases as the quantity in the 
tube is diminished, and that in such a ratio, that to 
produce twice the degree of rarefaction would re- 
quire the exertion of four times the power ; added to 
which, any air which by leakage might find its way 
into the tube^ would expand and occupy a portion of 
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the tube directly proportional to the degree of rare* 
faction which had been obtained ; for these reasons 
it has been proposed only to employ half a yacuam, 
that is, only to withdraw half the air from the tube, 
by which a pressure of about 8 lbs. on erery square 
inch of the piston would be obtained; and, supposing 
its diameter to be 18 inches, this would amount to 
2116 lbs. over its whole surface, and would be capable 
of drawing a train weighing about 55 tons on a level 
line at a speed of 30 miles per hour; or one of 
about 35 tons at the same speed up an incline of 
1 in 100. 

A new atmospheric system has lately been pro- 
posed by Mr. J. B. Piatti, of Milan, and patentedf 
in this country by Messrs. Prosser and Carcano, in 
which it is proposed, instead of exhausting the air 
from the tube, and employing the atmospheric pres- 
sure as the motive power, to force air into the tube, 
and propel the carriages by the elastic force of the 
air thus compressed behind the piston. In this 
system the longitudinal valve is proposed to be con* 
structed on a similar plan to that of Clegg and 
Samuda^s, with some slight modifications in conse* 
quence of its opening inwards instead of outwards. 

Having described each of the three means which 
have hitherto been employed for the pui-poses of 
traction on railways, we will proceed briefly to notice 
the several advantages and disadvantages peculiar to 
each system. One of the principal advantages urged 
in favour of the atmospheric system by its sup- 
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porters, is that of saving the weight of the locomotive 
engine and its tender, amounting to from 15 to 30 
tons, or upon the average about 20 per cent, of 
the whole weight of the train; and it is considered 
that the advantage would not be confined to the 
mere saving of weight, but that, if the locomotive 
engine were dispensed with, the derangement of the 
rails, &c., from the passing traffic being in a great 
degree caused by the peculiar action of the locomo- 
tive in dragging by the rails themselves, would be 
considerably lessened. Steeper gradients might also 
be employed on lines worked by the atmospheric or 
rope systems than by the locomotive, since the 
latter are limited by the adhesion of the driving 
wheels to the rails, and on the former the motive 
power might readily be varied to suit the varying 
resistance occasioned by any alteration in the gra- 
dients of the line. The atmospheric and rope sys- 
tems possess the further advantage of being much 
less liable to accidents from collision, and entirely 
free from the possibility of the train or neighbouring 
property being set on fire, a casualty which has on 
one or two occasions occurred on locomotive lines. 
On the atmospheric, also, the chance of being thrown 
off the line is much lessened, in consequence of the 
leading carriage being attached to the pipe, llie 
advantages possessed by the locomotive over the 
other systems are, that the person in charge of the 
train has more perfect control over the motive power, 
that the locomotives are very useful for moving the 
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carriages aboat at the stations, and that the traffic 
of the line is not so likely to be interrupted on the 
locomotive as on the other lines, since nothing bat 
a derangement of the rails themselves could prodace 
a stoppage upon the former, while any casualty occur- 
ring to the machinery or to the tube in the latter 
system, would interrupt the traffic over that section of | 
the line upon which the derangement had occurred. 

While the rope system possesses many of die 
advantages in common with the atmospheric orer 
the locomotive, it has the disadvantage of the weight 
of the rope to be moved with the train, although this | 
objection would be somewhat reduced by the ad<q)- 
tion of Mr. Galloway's plan, in which the velocity of j 
the rope would not be more than about an eighth of j 
that of the train, and the whole length of the rope 
would be materially reduced. 

With regard to the expense of working, it hasi 
been asserted that the cost would be much smaller - 
with stationary than with locomotive engines, the 
repairs required by the former being small in com- 
parison with those of the latter, while the number of 3 
engine drivers would be fewer, and the fuel con-] 
sumed cheaper and less in quantity; at the same' 
time, in many situations auxiliary power might occa- 
sionally be obtained from natural sources, such as 
the wind, or streams of water. 
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Of Forming the Roadway or Permanent Way, 

We come now to describe the manner in which 
the Permanent Way (as it is technically called) is 
formed ; that is, the raUs by which the carriages are 
graded and prevented from deviating from the line 
of the railway ; and in doing so we must not omit to 
notice the Iramplates which were at first adopted, 
and which have now universally been superseded by 
the edge rail. 

The essential difference between a railway and a 
common road consists in forming a smooth narrow 
surface for the wheels of the vehicles to run upon, 
with the means of preventing them from deviating 
from the track thus formed. 
Two different modes of 
effecting this have been 
adopted, which are shown 
in figures 57 and 58. By 
the first method (figure 57, 
ihe path for the wheels is 
formed by iron plates, and 
they are prevented from 
running off these plates by 

a flange a, formed on their outer edge ; these are 
termed iramplates, and a Toad so formed is called 
a tramway ; this method has, however, been gene- 
rally superseded by that shown in figure 58, where 
the track for the wheels is formed by a narrow 
bar of iron, placed edgewise, in consequence of 
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which It is termed the edge rail, and the road 
formed with them a railway: in this case the flange 
h for guiding the wheel is placed upon the wheel 
itself instead of on the rail. In comparing the two 
me|hod8, it will soon be seen that the railway p<^' 
sesses many advantages over the tramway. In the 
latter, the wheels are only prevented from running 
off the tramplates by coming into contact with one 
or other of the flanges on their edges, while in tbe 
former a very simple and beautiful means (which we 
shall describe presently) has been devised by which 
the wheels are preserved in their proper position on 
the rails without their flanges coming in contact 
with the rails at all; a circumstance which only 
occurs when any unusual force solicits the carriage 
to deviate from its proper course. The effect of the 
wheels thus coming into contact with the edges of 
the trams is to cause a great additional resistance 
to the motion of the caniages, and consequently a 
large additional cost in overcoming it. Another 
disadvantage is, that the angle of the tramplate 
formed by the raised flange is very likely to become 
filled with rubbish, by which the friction of tbe 
wheels is still further increased. 

A great many different forms of rails have been 
adopted, a few of which are shown in figure 59 ; the 
names of the railways on which thoy have been em- 
ployed, their weight in pounds for every yard in 
length, and the distances apart at which they aie 
supported, being shown in the following table. 
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together by their lower edges^ and a space of about 
6 inches being left between their sides, which space 
is filled with water ; a kind of flat tube d, termed the 
bridge (also containing water), runs through the 
center of the fire-box, and connects the two side 
spaces. The grate is formed by a number of wedge- 
shaped bars of iron e e, termed the fire-bars, which 
are placed with their broad sides uppermost, and 
their ends resting on an iron frame. The ash-pan 
w, below the grate, is formed of iron plates, in- 
closing both the sides and back ; the front is, how- 
ever, left open, as shown in fig. 50; and when the 
engine is moving forwards with a high speed, the air 
is driTcn into the mouth of the ash-pan with con- 
fiiderable force, and having no other means of escape 
passes up between the fire-bars and through the fire, 
causing a strong draught. A door is formed at f, 
through which the materials for the support of com- 
bustion are introduced, and by means of which the 
engine driver can from time to time examine the state 
of the fire. The smoke and heated air are led away 
to the chimney through a number of small brass tubes 
c^ Cy Cy which pass through the center of the cy- 
lindrical part of the boiler, being surrounded on all 
sides by the water contained in the same, and to 
which they expose a very large heating surface. 
These tubes lead into a chamber g, the upper part 
of which terminates in the chimney H. The boiler 
is formed of wrought-iron plates riveted together, 
and its internal surface being exposed to a consider- 

c 
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able pressure, amounting to from 60 to 100 lbs. on 
every square inch, it is necessary to adopt means for 
preveuting these plates from being bent, or other- 
wise injured. The cylindrical portion a, from its 
form, is exposed to a uniform strain on every part, 
which the cohesive strength of the iron alone is 
sufficient to resist; the sides of the square portions, 
however, and the fire-box c, being flat, would be 
forced apart by the pressure of the water between 
them, were it not prevented ,by short stays dyd^df 
securely riveted to both plates ; and the top of the 
fire-box, which would otherwise be forced in, is 
strengthened by being bolted to a number of small 
bridges or girders e, 6», e. The flat ends of the 
boiler are secured by the fire tubes c, c, c, and also 
'by bolts n',n^, which pass through the boiler, and are 
firmly bolted at each end. To convey some idea of 
the amount of the pressure against the internal sur&ce 
of the boiler of a locomotive engine, it is sufficient 
to state that, with the proportions shown in the 
figures, and supposing the force of the steam to be 
300 lbs. on the square inch, the whole amount of this 
pressure would be about 3215 tons, without reckon* 
ing that upon the tubes c, c. 

In a locomotive engine it is desirable to have as 
large a space above the surface of the water for steam 
as possible, for which purpose that part of the boiler 
which is above the fire-box is raised, forming the 
iBteam chamber B, as shown in fig. 50; because, when 
the steam space is too small, the steam passes into 
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a 
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e 
d 
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f 
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Durham and Sunderland * 
Berlin and Potsdam . . • 
London and Blackwall . . 
Manchester and Birmingham 
Saint-Etienne to Lyon (New) 
Wilmingrton and Susquehanna 

Great Western 



London and Croydon . . 
Morris and Preyost . . . 
Birmingham and Gloucester 

London and Birmingham . 

London and Brighton . . 
Midland Counties .... 



Distanee of 
chain AparL 




Welffhttailbt. 

of 1 yard in 

length of the 


ft. int. 




3 




42 


... 




52 


•«* 




56 


• ■• 




65 


3 6 




50 


• • ■ 




40 


Continuous 
Bearing. 


\ 


44 to 62 


Id. 




55 


• • • 




56 


2 6 




56 


3 9 
to 4 


\ 


65 to 75 


3 9 




76 


5 




77 



It should be stated that the upper surface of each 
of the rails shown in the figure is made slightly 

Fig, 69. 





rounding, the object of which we have now to ex" 
plain. On a common road or on a tramway the 

D 
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wheels are cylindrical, that is, the diameter of the 
wheel is the same hoth on its ianer and outei ^des, 
as shown in figure 57; but upon a railway the wheels 
are made slightly conical, as shown in figure 60, so 
that the diameter {a b or c d) of the wheel on its 
outer side is about half an inch less than its 
diameter (e F or o h) on its inner nde near tbe 
fiange. Now the eflect 
of this difference in the ^^- *■*■ 

inner and outer diameters 
of tjie wheel is to keep 
the carriage in its proper 
position in the center of 
tbe railway, and to pre- 
vent the flanges of the 
wheels from coming into Fig. el, 

contact with the rails un- 
less under extraordinary 

circumstances, such as a l 

very strong side wind, or 
a sharp curve. In 6gure 
61, the wheels of the car- 
riage are represented as 

being thrown over on one side, so that the flange of 
the right-hand wheel has been bronght nearly to touch 
tbe rail; now if the wheels were cylindrical, and the 
force which had caused the carriage to swerve in 
the manner shown in the figure were still to con- 
tinue in action, the flange would be brought into 
actual contact with the rail, and would ae remain 
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until the force ceased, or until some greater force 
solicited the carriage to swerve in the opposite di- 
rection ; but if we carefully examine the diagram, 
we shall perceive that the deviation of the carriage 
to the right has brought the outer and smaller 
diameter of the wheel ab to bear upon the left 
hand rail, while the inner and larger diameter of the 
wheel GH is brought to bear upon the right-hand 
rail, for in consequence of the upper surface of the 
rail being slightly rounding, the wheel only rests 
upon it in one point. With a displacement equal 
to that shown in the figure, the difference of the 
diameters of the wheels would be about three-quar- 
ters of an inch, which would cause a difference in 
their circumferences of upwards of two inches ; and 
as the distance that each wheel would advance upon 
the rail in one revolution would be equal to its cir- 
cumference, and the two wheels being firmly fixed on 
to the same axle are obliged to revolve together, it 
follows that, for every revolution that they make, 
the right-hand wheel will advance two inches more 
than the left-hand, and quickly restore the carriage 
to the position shown in figure 60, where the 
diameters of the wheels being the same, the 
carriage has no tendency to move towards either 
side. 

This self-adjusting action of the conical wheels is 
found sufficient to preserve the carriages in their 
proper position upon the rails on those portions of 
the, line which are rectilinear or straight; but on 

D 2 
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Fig, 62. 



the curved portions a new force, the centrifugal force, 
is called into play, by which the carriage is soli- 
cited to move in a straight line ; and if the radius of 
the curve is less than a certain limit, the mere action 
of the conical wheels is not sufficient to counteract 
this tendency of the carriages to move in a straight 
direction, and to cause them to follow the course of 
the required curve. To effect this, therefore, and 
prevent as much as possible contact between the 
flanges of the wheels and the rail, another means 
has been devised of throw- 
ing the carriages over to 
the opposite side to that 
on which the centrifugal 
force tends to keep them. 
This means consists in 
raising the rail on the outer 
side of the curve to a 
certain height above that 
on the inner side, by 
which the carriage is 
thrown over into the posi- 
tion shown in figure 62, and a tendency given to it 
to slide towards the inner side ; the height, or, as it 
is termed, the superelevation^ of the outer rail being 
so adjusted that this tendency, combined with the 
effect of the conical wheels, is just sufficient to 
balance the centrifugal force. 

This raising of the outer rail is, however, only 
requisite when the radius of the curve is less than a 
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certain limit, which limit may be found bj the 
following rule :— * 

To ascertain the least radius tohicfu can he cm^ 
ployed without raising the outer rail. — Divide ihe 
breadth of the tire of the wheel (a e, figure 60) by 
the difference of the diameters of the inner and 
outer sides of the tire (a b and e f) ; multiply the 
quotient by the diameter of the wheel (a b) and by 
the distance between the two rails (f g), and divide 
the product by twice the space allowed on each side 
between the rails and the flanges of the wheels (all 
the dimensions being taken in feet) ; and the quo* 
tient will be the smallest radius in feet which may 
be used without raising the outer raiL 

For example, what would be the least radius 
which could be employed without raising the outer 
rail, on a narrow-gauge line, the distance between 
the rails being 4*7 feet, the diameter of the wheels 
8 feet, the breadth of their tires '3 feet, the differ- 
ence of the two diameters '06 feet, and the play 
allowed upon each side between the flanges and the 
r^ls -025 feet ? 

Now '3, divided by '06, equals 5, which, multiplied 
by 3 and by 4*7, equals 70*5, and this divided by 
twice '025 would be 1410 feet, the least radius re- 
quired. In the case of a broad-gauge line, if the 
rails are 7 feet apart, and the wheels 4 feet in 
diameter, the other dimensions remaining as before, 
then the least radius will be 2800 feet. 

When, however, the line curves with a less radius 
than that given by the rule, it becomes necessary to 
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raise the outer rail to a certain extent, which de- 
pends upon the radius of the curve and the ^>eed 
of the train^ and may be determined by the follow- 
ing rule : — 

To ascertain the height that the outer rail should 
he raised, — Subtract the radius of the curve from 
the least radius found by the preceding rule, and 
divide the remainder by the radius of the curve and 
by the least radius ; multiply the quotient by the 
width between the rails, by the square of the velo- 
city of the train in miles per hour, and by *782 ; and 
the product will be the height in inches that the 
outer rail should be raised. 

As an example of the application of the rule, the 
following table has been computed, showing the 
heights which the outer i*ail should be raised, both 
on the broad and narrow gauges, for curves of dif- 
ferent radii, and with trains travelling at difierent 
speeds, the several dimensions being taken the same 
as in the foregoing example. 



Radius of the 
Curve. 



5 chains 

10 „ 

15 

20 

25 

30 

35 

40 



»» 



It 



n 



»» 






330 ft. 

660 

990 
1020 
1650 „ 
1980 „ 
2310,, 
2640,, 



BROAD GAUGE. 



Velocity of the tr^n in 
mites per hour. 

15 dO 60 



Inches. 



1 



•43 
•80 
•49 
•81 
•18 
•09 
•03 



Inches. 

5 71 

3-22 

1-97 

1^ 

•73 

•37 

•11 



Inches. 



1286 
7 '88 
4-90 
2 92 
149 
•44 



NARROW GAUGE. 



Velocity of the toia in 
miles per hour. 

60 



15 



Inches. 

1-92 

•67 

•25 

•04 



30 



Inches. 

7-67 

2-67 

1-00 

•16 



locbes. 

10-68 

4O0 

•64 



i 
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From the abore mles and examples it will be seen 
that the steadiness of the carriages composing a train 
must be very considerably affected by any variation 
in the distance between the rails, or in the height of 
one rail above the other when not intended to coun- 
teract the effect of a curve ; and the importance of 
laying the rails and sleepers (that is, the permanent 
way) in the most solid and substantial manner will 
be at once perceived. With the view of attaining 
this end, several different methods have been de- 
vised for fixing and supporting the rails ; these may 
all, however, be generally classed under two heads, 
viz., those having a continuous bearing, or in which 
the rails rest upon wooden sleepers throughout their 
entire length, and those which are only supported 
at certain intervals (varying from 2 feet 6 inches to 
5 feet as given in the table at page 40), on metal 
chairs, as they are technically termed. 

The Great Western was the first line on which 
the continuous bearing was employed, this method 
of laying the rails having been suggested by Mr. 
Brunei, who is the engineer of that line. The 
method there adopted is shown in figure 63; the 
rails (the form of which has been already given at 
^, figure 59) are firmly screwed to a piece of timber 
15 inches in width, 7^ inches in depth on the outer 
side, and 7 inches in depth on the inner, by which 
means the rail is made to slope somewhat inwarda 
to counteract the spreading tendency produced by 
Ae conical wheels. A piece of patent felt is 
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interposed the whole way between the rail and the 
timber, forming an elastic bed for the rail. The 
longitudinal timbers are preserved at their correct 
distance apart by transverse pieces (a, a,) placed 
between them at every 11 feet, being notched into 
the timbers on both sides, and farther secured to 
them by wrought-iron knee straps. Similar pieces 
(&, by) are also placed at distances of about 14 feet 
apart, between the two lines of railway, in order not 
only to preserve them at their proper distance, but 
to steady the whole. The ground immediately under 
the sleepers, and upon which they bed (technically 
called the ballasting\ should be composed of clean 
gravel, broken stone, burnt clay, or any other hard 
material not affected by wet; it should be well 
rammed and packed under the rails, and its upper 
Surface should be formed in the manner shown in 
the section, so as to lead off any water which may 
fall upon it, and prevent its soaking through to the 
timber. The continuous bearing has been adopted 
on other lines besides the Great Western ; amongst 
which may be mentioned the Newcastle and North 
Shields Railway and the Croydon Railway, the 
method adopted upon the latter of which is shown 
in figure 64. The form of the rails is shown at A, 
figure 59 ; they are screwed to longitudinal sleepers 
13 inches wide and 6 inches in depth, which are 
again supported upon cross sleepers 9 feet in length, 
9 inches in breadth, and 4^ inches in depth ; these 
sleepers are placed 3 feet apart from center to 
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center, and are sccurelj 
spiked to the lon^tudinal 
timbers. 

The system, however, 
which has been most 
generally adopted is 
that of fixing the rails 
ID iron chairs supported 
upon Bleepers placed at 
certain inteiTals, accord- 
ing to one of the methods 
shown in figure 65. That 
ahomi at A is the mode 
in which the London 
and Binningbam and 
many other lines were 
laid in those portions 
which are in cutting, 
and it consists in fising 
the chaira support ng 
the rails to blocks of 
stone, usually from 4 to 5 
cubic feet in bulk, which 
are firmly imbedded in 
the ground ; they were 
most frequently laid dia- 
gonally, as shown at a. 
This method has, how- 
ever, been in a great 
measure superseded, and 
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timber sleepers are almost universally employed at 
the present time. The form of timber sleeper 
most generally employed is that shown at b, being 
a piece of round timber between 9 and 10 feet in 
length, and about 12 inches in diameter, sawn 
down the middle and laid with the flat side down- 
wards, a flat bed being adzed out on the upper 
side for each of the chairs. Another form of 
sleeper (as shown at c) has been employed by Mr. 
Cubitt on the South Eastern Railway, which con- 
sists of a piece of square Baltic timber sawn tvice 
diagonally, as shown at d, so as to produce four 
sleepers, which are laid with their broad flat bee 
uppermost. 

A combination of the two systems has been 
adopted on the Birmingham and Gloucester Rail* 
way, and upon the Dublin and Kingstown Railway, 
the former of which is represented in figure 66. 




In the cuttings the rails are supported upon chairs 
(a, a, a,) and saddles (ft, J,) placed alternately, and 
fixed to longitudinal timbers 13 inches wide, and 6 
inches in depth; and on the embankments the 
saddles are replaced by chairs, which are only ?0 
inches apart ; and the longitudinal timbers are con- 
nected together by transverse sleepers 7 feet 2 
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inches in length, 7 inches in width, and 3j inches 
in depth, as shown in the cross section. The chairs 
weigh eighteen pounds, the saddles only three, and 
they are placed at a distance of only *2 feet 6 inches 
apart. 

We hare as yet only mentioned incidentally the 
gauge of railways, by which is technically meant the 
distance between the two rails. It is an unfortunate 
circumstance that, previous to the formation of any 
important lines of railway in this country, the whole 
subject had not been properly investigated, and that 
gauge adopted which, after such an examination, 
appeared best qualified to satisfy the wants of the 
public, and to meet the requirements of trade. And 
such a gauge having been fixed upon, its uniform 
adoption should have been made compulsory, and 
no consideration should have induced a departure 
from it. The following table exhibits the various 
gauges which have been adopted in different paarts of 
the United Kingdom; the 4 feet 8} inches, the 4 
feet 8| inches, and the 4 feet 9 inches gauges may 
be regarded as the same, since the same caniages 
travel over them without inconvenience ; in fact, the 
latter is now almost always adopted as affording a 
little more play between the rails and the flanges of 
the wheels. In this table no notice is taken of the 
5 feet gauge adopted on the Eastern Counties and 
the London and Blackwall Railways, as those lines 
have subsequently been altered to the 4 feet 9 inches 
gauge. 
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Name of Railway. 



Brandlinff Junction 

South Westorn 

Liverpool and Manchester . . . 

Midland Counties 

Birmingham and Gloucester . . . 
London and Birmingham . « . 
Dublin and Kingstown .... 
London and Croydon .... 
Chester and Crewe 

North Midland 

London and Brighton 

Manchester and Birmingham . . 

Chester and Birkenhead, and the > 

Manchester and Leeds . . . ) 

Arbroath and Forfar 

Ulster Railway 

Great Western 



IS, 
I 



4 
4 

4 
4 
4 
4 
4 
4 
4 



ms. 

84 
84 

84 
84 
84 
84 
84 
84 
8i 



IrD 



4 
4 



9 
9 



4 9 

5 6 

6 2 

7 



u 



III 



ft ins. 
5 2 



6 
5 

6 



5 
2 
5 



6 
6 5 



7 
6 
6 



44 

5 

5 



6 5 



6 
6 



5 
5 



6 5 



6 
6 



5 
4 



6 & 



JS >» 
"SB 



ft ina. 

24 6 

25 

25 7 

26 
30 
BO 
dO 
33 10 
30 

33 

24 

29 

30 

28 6 

33 

30 



Much practical iiiconyenience and great inter- 
ruption to trade result from this difference in the 
gauges of different lines of railway, in consequence 
of its necessitating the removal of passengers and 
goods from the carriages of one gauge to those of 
the other. In order to remedy this inconrenience, 
it has been suggested to form those lines of railway 
which communicate with both broad and narrow 
gauge lines, with a mixed gauge, which may be done 
in two different ways. That shown in fig. 67 is to 
lay the narrow-gauge line in the center of the broad, 
each having its own distinct lines of rails, a a being 
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Fig. 67. 
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those belonging to the broad gauge, and b b those 
of the narrow. While, however, this method pos- 
sesses the advantage of allowing a mixed train of 
narrow and broad gauge carriages to be run upon the 
line, it is more expensive than that shown in fig. 68, 
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and would require a more complicated arrangement 
for crossing on to another line of rails. The latter 
method is to lay a third rail, a a, outside the narrow- 
gauge line, at such a distance from it, that while 
the two rails b and c form the narrow-gauge track, 
a and b form the broad-gauge. This latter method 
h^s been adopted on that x>ortion of the Birming- 
ham and Gloucester Railway which extends from 
Gloucester to Cheltenham. The Birmingham and 
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Gloucester Railway is (as stated in the foregoing 
table) a narrow-gauge line, and Cheltenham is the 
first station upon it out of Gloucester. The Great 
Western Railway ^. g« 

Company having 
determined to ex- 
tend their broad- 
gauge line from 
Gloucester to Chel- 
tenham, availed 
themselves of the 
existing narrow- 
gauge line by lay- 
ing a third rail on 
the outer side in 
the manner shown 
in fig. 68. At a 
short distance from 
the Cheltenham 
station of the 
Birmingham and 
Gloucester Rail- 
way, they leave that 
line, and run by a 
branch of about a 
mile in length into 
the town of Cheltenham. Fig. 69 shows the way in 
which the rails are aiTanged at the point where the 
two lines separate, so that while the narrow-gauge 
trains pas* along their old track, the broad-gauge 
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are caused to leave the same and turn off on the 
branch line without any person's attendance, a b 
and c d sue the rails of the old narrow-gauge line, 
e/ and g h those of the broad gauge, the latter g h 
being the continuation of the additional outer rail. 
It will be observed that the line of rail a/ is cut 
through at e and at k in order to allow the flanges 
of the wheels belonging to the narrow-gauge trains to 
pass ; and in like manner the rail cd\^ cut through at k 
in order to allow those of the broad-gauge carnages 
to pass. Now, when a narrow gauge-train ap- 
proaches the point e, the flanges of the wheels are 
kept close to the rail ab hj the opposite rail c d^ 
and they are made to pass through the cut at e^ the 
train pursuing its course along the old line. When^ 
however, a broad-gauge train arrives at the same 
point, the wheels are drawn over towards the rail g h^ 
by a guard rail (as it is termed) / m, which acts on 
the inner side of the flanges of the wheels, by which 
means they are prevented from passing through the 
cut in the rail at e, and are made to travel along the 
lines ay and g h. It will be observed that the rails 
where they terminate at A;, / and w, are made with 
an enlarged opening in order to guide the flange of 
the wheels with greater certainty in the intended 
course. 

It is frequently necessary to pass trains from one 
line of rails to another, and several diflerent methods 
have been devised for doing this. One of the sim- 
plest and most frequently-adopted plans, is to lay 
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down a shortline 
of rails, connect- 
ing the other twOy 
and 80 establish- 
ing the desired 
communication. 
It becomes ne- 
cessary however, 
then, to have the 
means of con- 
necting and dis- 
connecting this 
short line with 
the main line 
at pleasure, ac- 
cording as it is 
intended that 
the train should 
leave or con- 
tinue upon the 
latter; and this 
is effected by 
means of a con- 
trivance termed 
a switchy which 
is shown in fig. 
70: ah and c d 
are portions of 
the rails of 
the main line, 
and € f and 
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g h portions of the short line branching from it, all 
of which are immovably fixed in the ordinary man- 
ner, with the exception of the two rails/ 1 and k I ; 
these, which are termed the tongues of the switch^ 
are only fixed at one of their ends,/ and k, on which 
they turn as centers; their other ends are tapered 
away to nearly a point, a slight recess being cut in 
the other lines, at i and /, into which they fit. These 
tongues are connected together by a bar, m n o, by 
means of which they are always preserved at such a 
distance apart, that when either of the tongues is in 
contact with the rail near it, the other shall be re- 
moved from the opposite rail sufficiently to leave 
space for the flange of the carriage-wheels to pass 
between them. In order, then, to cause a train to 
pursue its course along the main line, or to leave 
I the same and enter the branch line, it only becomes 
, necessary to move the bar mn o, which, when in the 
^ position shown at a, will cause the carriages to leave 
i the main line, but if shifted into the position shown 
at B, will cause them to continue their course along 
I the same. It is usual to have the switches so arranged 
that they are kept in the position shown in b (in 
which the main line is not interrupted) by a self- 
acting weight, the attendance of a man to move 
them into the position shown at a being necessary 
when it is desired that the train should leave the 
main line. Two guard rails, p y, r *, are necessary 
iu order to prevent the flanges of the wheels from 
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striking agaiDBt the pwnt where tbe two lines mlei- 
■ect G8ch other. 

Another method of removing oaly single carriages 

from one line of rails to another, is hy means of 

what is termed a turntable. Three of theae an 

shown in fig. 71, at A, B, and c. They coMistof »■ 

J'ig. 71. 



circniar platform of timber or iron, supported m 
wheels, and fixed upon a center, in snch a manner 
that they are capable of being turned round, ev& 
when loaded with a considerable weight, vilhont 
much Mction. On their upper surJace they hiw 
usually two lines of rails crossing at right ai^eii 
and they are so placed that these form the continio- 
tioa of the main lines of the railway, and anotbff 
Une crossing these at right angles, as shown in tbe 
figure. Now, the way in which these are employed 
is as follows : supposing that a number of cairiagw 
situated on the line F c were required to be remoTed 
on to the line n a, the canity nearest c woold be 
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Fig, 72. 



moved on to the turntable c, (which, it should have 
been stated, is of sufficient diameter to receive the 
whole of the carriage upon it,) and brought into the 
position shown by the whole lines, ab c d^ the turn- 
table would then be turned upon its center through 
a quarter of a circle, by which the carriage would 
be brought into the position shown by the dotted 
lines e f g h; it 
would then be run 
over the turntable 
B, on to A, into the 
position shown by 
i k I m^ and the 
turntable a being 
turned upon its 
eenter, would bring 
the carriage into 
the position shown 
by the whole lines 
nop q/in which it 
would only have 
to move down the 
line of rails to d ; 
and the same 
method of pro- 
cedure being fol- 
lowed with the 
other carriages^ 
the whole train 
would in a very 
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short time be shifted from one line to the other. 
If it had been desired to bring the carriage on to the 
center line of rails, then the turntable b would have 
been employed instead of a. 

A simple method of reversing a train of carriages 
is shown in fig. 73) which consists in forming a 
short branch, e f, at right angles with the main line, 
and communicating with it hy two curves, b e and 
E c. The train has only then to be run off the main 
line, by the curve b e, into the branch, until the last 
carriage has cleared the point E, when the switches 
are altered, and the train returned to the main line 
by the other curve, E c, by which the whole train 
will have been reversed, the end which before was 
towai'ds A being now towards d. 

The limits of the present work will not allow ns 
to enter at length into the minute details of con- 
struction which are requisite in the various parts of 
an extensive line of railway, to the mechanical in- 
genuity, beauty, and simplicity of which we, in a 
great degree, owe the present state of perfection 
which railway travelling has attained** It is, in fact, 
very interesting to look back over the short period 
which the history of railway locomotion occupies, and 
observe how rapid and unexpected its progress has 
been, so much so, that it is little more than twenty years 
since the following observations were penned by a 
mechanical writer of justly-acquired celebrity, whose 

* For further information on this point we must refer to the Rndi' 
mentary work on Railways by Mr. Stephenson. 
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knowledge of the subject was very extensive, and 
who was by no means predisposed to take a narrow 
view of it. He remarks — " We speak of this [ten 
miles per hour] as a rapid motion, and the more we 
consider the subject, the more reason we find to 
consider it so, and we see no material advantage in 
a greater speed, unless it were on a railway for mes- 
sengers and letters only, where the small carriage to 
contain the messenger and letters may be impelled 
by a man, seated in it so that he could work in a 
manner similar to a man rowing. On a railway 
adapted for such a light carriage, with its load sus- 
'pended below its axles, a great speed might be 
obtained, when kabit had rendered it supportable ; 
and perhaps it may in a few rare instances be 
worthy of trial, where the quick transmission of 
intelligence or despatches is of importance: and, 
being successful in these instances, it might be 
adopted for the conveyance of mails ; but that any 
general system of conveying passengers would an- 
swer to go at a velocity exceeding ten miles an hour, 
or thereabout J is extremely improbableJ'^* How 
great a contrast between the opinions here expressed, 
and the present state of railway travelling ; when a 
train of several tons, and containing, perhaps, some 
hundreds of passengers, is conveyed (not as an 
experiment, but daily} at the rate of fifty or sixty 
miles an hour, with perfect safely and ease. 

• Tredgold on Railways, p. 119. 
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CANiXS. 

Of their General Arrangement. 

Canals are artificial channels of water, which have 
been formed for the purpose of affording the facili- 
ties of water conveyance in districts where no natural 
rivers and streams exist, or where those which may 
have existed have, fK>m a variety of causes, been ill 
adapted for navigable purposes. And, in fact, canals 
possess (generally speaking) so many advantages 
over rivers, that they have frequently been con-' 
structed, at considerable cost, in situations wheie 
navigable rivers were already existing. In many 
rivers the existence of currents and shoals renders 
the navigation difficult and uncertain, and in times 
of floods and freshets, it has frequently to be entirely 
suspended: It may also be remarked that rivers 
seldom flow in a very direct course, but more fre- 
quently pui-sue a winding path, depending upon the 
form of the valleys through which they have to 
thread their way: in such situations as these, the 
superiority of canals is sufficiently obvious. 

In laying down and arrangin the general line of a 
canal, many points have to be considered in addition 
to those which have been generally mentioned, as 
applying to them in common with roads and rail- 
ways, at the commencement of this chapter. One 
of the most desirable points to be attained is a per- 
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fectly level sar&ce throngbout its whole extent. It 
18, however, very seldom that the country is so 
favourable as to allow this to be effected. In most 
cases it becomes necessary occasionally to alter the 
level of the surface of the canal, the water being re- 
tained at the higher level by gates so placed that 
the pressure of the water against them keeps them 
closed. It is, however, impossible to prevent a small 
amount of leakage at the gates, and therefore it 
, becomes necessary to have the means of supplying 
. the upper portion of the canal with water, to com- 
pensate for that which thus escapes, as well as that 
I which is necessary (as we shall presently explain) to 
; pass vessels from the higher to the lower level. In 
[ addition to these two causes of loss, a further waste 
is occasioned by the evaporation from its surface, 

I and the absorption of the water by the ground through 

it 

i which it flows. It is, therefore, an object of consider- 
» able importance in the arrangement of a canal, to 
I obtain some natural feeder (as it is termed) for the 
supply of the water thus lost, and which object is 
asaally attained by diverting some of the smaller 
natural rivers or streams, and leading as much of 
their waters as may be required to supply the highest 
(technically called the summit) level of the canal, for 
that being properly supplied, the lower levels will 
be fed by the water which escapes from the upper. 
Before forming a canal, the strata through which it 
will pass should be carefully examined, more espe- 
cially with reference to its powers of retaining water. 
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that is, of not absorbing it. Many soils, such as 
clean sand, or gravel, would cany off the water so 
rapidly as soon to drain the canal, and therefore 
such strata should, if possible, be avoided. Where, 
however, it is impossible to do so, the canal maj be 
made water-tight, by lining its sides and bottom with 
puddled clay, which consists of good clay, thoroughly 
well beaten up with water, or tempered^ and then 
mixed with a certain proportion of gravel, sand, or 
chalk. Pure clay by itself would not answer, because 
if at any time the water in the canal sunk below its 
ordinary level, the upper part of the puddle, be- 
coming dry, would crack; and when the water again 
rose it would escape through these cracks, which by 
its action would be gradually enlarged, until the 
puddle was rendered useless. 

The form of section of a canal, that is, its width 
and depth, is another point requiring to be carefully 
considered. This must depend upon the size of 
the vessels which are to be conveyed upon it, and 
upon the amount of the traffic to be expected. 
The sides of canals are usually formed with slopes, 
of about two to one, and, in some cases, the upper 
parts, near the water^s edge, and which are most 
exposed to the ripple produced by the passage of 
vessels, are protected by rough stone paving. 

The following table exhibits the length and 
dimensions of the transverse section of a few of the 
English and American canals : — 
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Of Locks, and their Substitutes. 

We have already mentioned that, in coses where 
it is necessarf to alter the level of the surface of a 
canal, the water is retained at the higher level by 
means of gates ; and we have now to explain, more 
in detail, the manner in which they are constructed, 
as well as the means adopted for passing vessels np 
or down from one level to the other. 

The most frequently-employed contrivance for this 
pnrpose is the common lock, of which iig. 73 is a 
longitudinal section ; iig. 74 a plan ; fig. 75 a tians- 
ver&e section through the center of the lock; and 
fig. 76 a transverse section of the canal below the 
lock, showing its lower entrance. The upper and 
lower portions of the canal are connected by the 
passage A B c, termed the lock chamber, the form of 
which will be seen from fig. 70 ; its udes and bottom 
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Fig. 76. 



75 




(the latter termed the invert^ ox floor ^ are iisnally 
lined with brick or stone. The lock chamber is 
mncb less in width than the canal, being made only 
a little wider than the vessels intended to pass 
through it. It will be observed, by reference to 
fig. 73, that the floor of the upper end of the lock 
chamber, from D to e, is on the same level as the 
upper portion of the canal ; and the remainder, from 
F to o, is level with the bottom of the lower canal. 
The gates, by means of which the water is retained 
at the upper level, are shown at A E, and in the sec- 
tion, fig. 75 ; they are slightly curved, as shown in 
the plan, fig. 74. When opened, they turn upon 
their ends, h and K, as centers ; and they are of such 
a breadth that, when shut, they meet at an angle at i, 
in which position each gate derives support from the 
other; and the pressure of the water against them 
only tends to keep them the more closely shut, and^ 
consequently, to diminish the space through which 
it might otherwise have escaped. 

In this arrangement the gates are precisely in a 
similar situation to the two beams shown in fig. 15*^ 

* Page 37 of the First Patt 

E 2 



76 RUDIMENTS OF 

the pressure of the water against the gates taking 
the place of the weight suspended from the beams, 
and acting (in the manner there explained] as a 
force against the sides of the lock chamber, tending 
to push them apart. So long, however, as the walls 
are made sufficiently strong to support the thrust 
thus brought upon them, no inconvenience arises. 
The gates are opened by means of capstans, l and 
M, the chains being attached to the gates under the 
water, and passing through tunnels in the sides 
of the lock. They are closed in a similar manner, 
by two other capstans, n and o, the gate h i being 
shut by means of the capstan o, and K i by means 

O N. 

Another pair of gates, precisely similar, are placed 
at the lower end of the lock, c g ; they are carried 
up to the same level as the upper gates, and are 
therefore as much higher than those as the upper 
canal is above the lower, as is shown at a and c, 
fig. 73, and in the two sections, figs. 75 and 76. 

We will now proceed to explain the mode in which 
the lock is used ; and we will first suppose the case 
of a boat requiring to be raised from the lower to 
the upper level of the canal. The lower gates, at 
c, are first opened, as shown in figs. 73 and 74, and 
the boat is floated into the lock chamber, (the length 
of which should be a few feet more than that of the 
longest boat passing along the canal,) they are then 
shut, and brought into the position shown by the 
dotted lines p, q, r, in fig. 74, which having been 
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done, some of the water from the upper canal is let 

into the lock chamber, through channels shown at s 

and T, in the sides of the upper part of the lock, and 

which can be opened and closed at pleasure, by 

sluices worked by machineiy. The water being pre- 

vented from flowing out, in consequence of the lower 

gates being shut, quickly rises to the same height in 

the lock chamber as in the upper canal, the boat 

rising with it. As soon as such is the case, the 

upper gates at a are opened, and the boat is floated 

out of the lock into the upper canal. The reverse ope-* 

ration of lowering a boat from the upper to the lower 

level, is performed in a similar manner ; the boat is 

floated into the lock chamber, the gates at a being 

opened, and those at c closed ; the former are then 

shut, and the water in the lock chamber is allowed 

to run out by channels, n v, formed at the lower end 

of the lock, similar to those already described at the 

upper, until level with the surface of the lower canal, 

when the gates at c are opened, and the boat passes 

out of the lock. 

The quantity of water let out of the upper canal 
in the passage of a boat depends upon the direction 
in which the boat is moving, and whether it finds 
the lock filled or empty. The following Table shows 
all the cases which can occur: — 
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Finding 
Lock, 


Lett oat of tba 

Upper Canal, 


Aadleavct 
tbeLock, 


Boat detcendiDg i 
Boat afleendmg . 


Full. . . 
Emptj . 

Full. . . 
Empty . 


None 


> Empty. 
I Full 


1 Lockfull... 

I Lockfull... 
1 Lockfull... 



It is therefore evident, that a series of boats fol- 
lowing each other in the same direction, either up 
or down, will require one lockfull of water for eveiy 
boat that passes ; but if the boats pass altematelj 
up and down, only one lockfull will be required 
between each pair, since every ascending boat 
requires a lockfull, and leaves the lock ' full ; and 
every descending boat finding the lock full, does not 
require any water from the upper canal. 

When the ground rises or falls so rapidly as to 
require several locks in a short distance, it is not 
unusual to form what is called a chain of locks, or to 
make a succession of lock chambers immediately 
contiguous to each other, the lower gates of one 
chamber forming the upper gates of the next below 
it, as shown in fig. 77. The advantage of this 

Fig, 77. 
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arrangement is a considerable saving in the cost of 
cduttructiog the locks, arising from the circumstance 
that only one more than half the number of gates, 
with all the machinery for opening and closing them, 
is required. Where, however, there is a scarcity of 
water for the supply of the upper level of the canal, 
this advantage is counterbalanced by the disadvan- 
tage of this arrangement of the locks requiring a 
larger quantity of water for the passage of the boats 
nnder certain circumstances, as will be seen from the 
following Table : — 





Ffndhiff 

aUthe 
Locka, 


Lets out of the 
Upper Casal« 


Leaves all 
the Locks, 


Boat deacseading | 
Boat ascending . | 


Full. . . 
Empty. 

Full. . . 
Empty. 


None. 

] Lockfull.... 

1 LockftiU.... 
4Locksfiill*. 


1 Empty. 

Full. 



In this table it is not meant, when the locks are 
said to be empty, that they have actually no water in 
them, but that the water is then at its lower level, 
as shown by the lines a a,, in fig. 77. From this 
table it therefore appears that, if a succession of 
boats follow each other in the same direction, whether 
upwards or downwards, each boat will require one 
lockfuU of water; but if they pass alternately up 

♦ That is, as many locksfull will in this case be drawn from the 
upper canal as there are contiguous lock chambers, which, in the 
present example, is four. 
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and down, eacb pair will require between them as 
many locksfull as there are contiguous lock cham- 
bers, or, in the present example, four locksfull; for, 
the previous descending boat having left all the 
locks empty, the ascending boat will require four 
locksfull; and, as it leaves all the lock chambeis 
filled, the next descending boat will not draw off 
any water from the upper lock* It will therefore be 
seen that, with single locks, the alternate passage of 
boats in contrary directions requires less water than 
their consecutive passage in the same direction, bat 
with a chain of contiguous locks, more water. 

In some situations, where the supply of water for 
lockage is small, a system has been adopted by 
which the quantity required for this purpose is much 
lessened. This system, which is shown in figs. 78 
and 79, consists in forming one or more excavations 
or ponds by the side of the lock chamber, with 
which they are connected by culverts, having sluices, 
or valves. The level of these ponds is so arranged 
that when the lock is full, and it is desired to let off 
the water, so as to lower its siuface to the level of 
the lower canal, instead of allowing the whole of the 
water to run into the canal, a portion of it is run 
into the pond, and there kept until it is again 
desired to fill the lock chamber, when, instead of 
taking the whole of the water required for that pur- 
pose from the upper canal, that from the pond is 
first allowed to run into the lock, and the remainder 
only taken from the upper canal. 
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Figure 78 exhibits four different sectionsof a lock 
with one side pond, shoving the relative levels of 

F^. 78. 



the water in the lock and pond at four successive 
periods. The first section, a, shows the lock cham- 
ber filled with water, and the side pond empty. Let 
ns suppose now, that, a boat being in the lock, it is 
desired to lower it into the lower canal, in which 
case, instead of allowing the water to run into the- 
canal, the sluice a is opened, and the water allowed^ 
to run from the lock into the pond, until its surface 
has attained the same level in both, as shown at B ; 
the sluice is then closed, and the remainder of the 
water allowed to escape into the lower canal. In this 
stage, section c shows the relative level of the water 
in the lock and «de pond. If now it is wished to 
refill the lock, instead of doing so entirely from tlie 
upper canal, the sluice a is opened, and the water 
which has been retained in the pond is allowed to 
run down into the lock, as shown in section D ; the 
sluice a being then closed, the remainder of the 
water is drawn from the upper level of the canal. 
The arrangement shown in fig. 78, with only one 
side pond, saves one-third of the water which would 
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hare been required to fill the lock every time from 
the apper caoal ; but that shown in &g. 79, in wtuch 



there are two side ponds at different lerels, aares 
half the water which would have been required widi- 
out tl)em. In this case, seclioQ E shows the lock 
filled with water. The sluice a being then opened, 
the water enters the left-hand pond, until it has at- 
tained the level shown in eection F, when the Gluice 
a is closed, and b is opened, allowing the water to 
enter the right-hand pond, as shown in aecUono; 
the sluice b is then closed, and the remainder of the 
water allowed to run off into the lower canal, until 
it has attained the level shown in section H. If no* 
it b required to refill the lock chamber, the sluice ii> 
first opened, and the water is allowed to nin out oi 
the right-hand pond, as shown in section i; lite 
sluice 8 is then closed, and a opened, and the w^er 
from the left-hand pond likewise admitted into tlw 
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lock, by which it becomcB half filled, as sbown in 
section k, only the other half requiring to be drawn 
from the upper canal. In both the arrangements 
which we have now described, the statement of the 
water saved is upon the assumption that each pond 
is equal in superficial area to the lock chamber ; if 
larger, the saving would be greater than has been 
stated, but if the ponds are less, the saving will be 
smaller. 

We have as yet only noticed one method of rais- 
ing and lowering the vessels navigating canals, and 
now pass on to describe a very ingenious arrange- 
ment for lifting the boats perpendicularly, contrived 
by Mr. James Green, and applied by him on the 
Grand Western Canal. Figure 80 is a longitudinal 
section, and fig. 81 half a front view, and half a 
transverse section; a is a portion of the upper canal, 
which, as it approaches the lift, is divided into two 
channels, each of which is about 7 feet in width, 
and 3 feet 6 inches in depth, being only just suffi- 
ci^it to admit of the passage of one of the canal 
boats, the dimensions of which are 26 feet in length, 
and 6 feet 6 inches in width ; they are built to carry 
about 8 tons, and, when laden, do not draw more than 
2 feet 3 inches of water. These channels are closed 
by a door or gate at b, fitting witli sufficient accu- 
racy to prevent the escape of any of the water, but, 
at the same time, admitting of being opened by means 
of the machinery shown at c, which raises the gate 
Tertically in a groove in the framework on each side* 
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An end viev of one of these gates is seen in the 1eft> 
handhalfof fig.81. The lower canal is also dirided, 



in a similar manner, into two channels of the same 
dimensions, (one of which is seen in section at D,) 
and they are closed in the same way by means of 
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g^es, E, E, the macbiaery for raUiog which u seen 
at F. Id the space between the upper and lower 
canals, two long narrow chambers are formecl, one 
corresponding with each of the channels of the 
canals. A transreise section of one of these cham- 
bers is seen in the left band half of fig. 81, and a 
rig. 81. 
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longitadinal section in fig. 80. Along the top of 
these chambers, supported on iron colamns, is placed 
an axle or shaft, go, the center of which corresponds 
with the center of the pier dividing the two cham* 
bers. Upon this axle three wheels, h, h, h, aie 
securely fixed, the diameters of which are such, diat 
chains 1 1, hung in grooves in their circumferences, 
hang exactly down the center of each chamber. 
These grooves are made to fit the links of the chain 
in such a maimer that the latter cannot slip. To 
the end of these chains axe attached two water-tight 
tanks or cradles, K and L, (one in each chamber,) 
the dimensions of which are sufficient to contain one 
of the boats navigating the canal ^. By an inspec- 
tion of fig. 81, it will be seen that the chains 1 1 are 
attached to a cross-bar, a, connected with the cradle 
by two rods, b 6, and leaving sufficient headway to 
allow the boat to pass freely under them. The length 
of the chains 1 1, is so adjusted, that when one of 
these cradles is level with the upper canal, the other 
is on the same level as the lower, and vice versd. When 
it is desired to lower a vessel from the upper to the 
lower canal, one of the cradles is brought up to the same 
level as the upper canal, and is there secured by being 
forcibly screwed up against the entrance of the chan- 
nel A, by means of machinery at m, with sufficient force 
to prevent the escape of any water between them; the 

* Each end of fliese tanks is closed by a gate, or door, similar to 
those at b and £, and which are opened in a similar mamier, by ilidioj) 
in Tertical grooves. 
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gate of the cradle is then connected, by means of 
a bolt, with that of the channel a, and the two are 
raised together by the machinery at c, to a sufficient 
lieight to allow the boat to pass under them from the 
upper canal into the cradle k, in which it floats pre- 
cisely as it did previously in the canal. The doors 
or gates are then lowered into the grooves in which 
they fit, 60 as securely to close the ends of the chan- 
nel and the cradle. Previous to the passage of the 
boat into the cradle s, both it and the lower one, l, 
being filled to the same height with water, and both 
being of the same dimensions, they were of the same 
weight, and therefore mutually balanced each other ; 
because, from the manner in which they are hung, 
by chains over wheels, (perfectly free to move,) if 
they were not of equal weight the heavier would 
descend, drawing up the lighter on the opposite 
side. Now it would, at first sight, appear reasonable 
to suppose that, although the cradles, when both 
empty, or filled to the same height with water, 
balanced each other, they would cease to do so when 
a boat was placed in one of them ; but it must be 
remembered, that the boat occupies a considerable 
apace in the cradle which had previously been filled 
with water, but which, as the boat passed into it, 
escaped into the upper canal ; and it is an established 
fact in hydrostatics, that the weight of water thus dis- 
placed by a boat, or any other Jloating body, is pre- 
cisely equal to that of the boat itself ; so that, although 
the cradle has received the additional weight of the 
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boat, it has lost precisely the same weight of water, 
and, consequently, the two cradles are still in 
equilibrium, or, in other words, still balance each 
other. In order, however, that the cradle k may 
descend, it is necessary to give it a slight pre- 
ponderance, or excess of weight over l, and this 
is very easily effected by allowing a small quan- 
tity of water to escape from the lower cradle, l, 
by which it is rendered lighter than the other, 
so that upon the screw at M (by which the upper 
cradle was retained) being relieved, it commences 
its descent, being regulated in speed by means of 
a brake, shown at N. As soon as the cradle k 
reaches the level of the lower canal (into close con- 
tact with which it has been brought by a wedge 
placed at o, which forces it, over against the end of 
the channel), the gate £ is connected with the gate 
at that end of the cradle, and the two being raised 
together, the boat floats out into the lower canal. 
We must not omit to mention a simple contrivance 
for making the suspension chains, 1 1, always balance; 
it is evident, that it is only when the cradles are on 
the same level that there will be an equal length (and 
consequently weight) of chain hanging on both sides 
of the wheels h, h, but that when either of the 
cradles is in its highest position, and, having to 
descend, it is required to be the heavier, it will 
really be lighter in consequence of the short length 
of chain by which it is suspended this diflSculty isj 
however, simply removed by hanging from the hot* 
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torn of the cradles three chains p, p^ p, the weight 
of which is precisely the same, per foot, as those 
(i^ I,) by which the cradles are suspeDded, and 
which are of such a length, that when the cradle is 
in its highest position they reach to the bottom of 
the chamber; thus, as the length of chain above 
the cradle diminishes, that below it increases, the 
total length always being the same. 

The advantage of this method of passing boats 
from one level to another, compared with the system 
of locks, is a saving in the fii*st cost of construction, 
and in the time, and quantity of water required. 
The height of the lift which we have just described 
is 46 feet, and the time required for raising or 
lowering a boat is about 3 minutes ; whereas, with 
the usual system, five or six locks would have been 
used to attain the same lift, the time in passing 
which would have been nearly half an hour. With 
regard to the quantity of water consumed, setting 
aside that lost by leakage and in working the lift, 
a quantity of water precisely equal to the weight of 
the boat passes either up or down the lift in a con- 
trary direction to that of the boat; so that if the 
trafiBc in both directions is equal, no water will be 
taken from the upper canal*. 

On some of the American canals inclined pltoes 
have been employed instead of locks, for conveying 
boats from one portion of a canal to ano^^r. at a 

* For a more elaborate description and plates, thejo^jsr is referred 
to the Transactions of the Institution of Ci^il Engina^rsir^* " v P&S^ 185. 
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different lereL On the Morris Canal there aie 
22 of these inclined planes. They consist of a 
kind of railway, having an inclination of 1 in 21, 
the rails being of iron, and extending for some 
distance into the lower canal, and at their upper ex- 
tremity terminating in a kind of lock chamber. 
Upon this railway there is a timber carriage sap- 
ported by a truck at either end, of sufficient di- 
mensions to carry one of the boats which navigate 
the canal, and which are about 70 feet in length, 
8^£9et in breath, and contain about 30 tons. When 
it is desired to raise a boat, this carriage is ran down 
upon the railway into the lower canal, and passed 
under the boat, which, having been secured to it by 
chains, the carriage, with the boat upon it, is drawn 
up the inclined plane by machinery, into the lock 
at its upper extremity, the lower gates of which are 
then closed, and the water being admitted from the 
upper canal, the boat is floated off the carriage, 
and pursues its passage along the canal. The pro- 
cess of lowering a boat down the incline is the exact 
converse of that which we have just described. 

In our own country a similar contrivance has 
been employed on the Shropshire Canal, constructed 
towards the close of the last century. They were 
here introduced by Mr. William Reynolds. One of 
these inclines is 600 yards in length, with a per* 
pendT<!tilar rise of 126 feet ; and another rises 207 
feet in a .length of 350 yards. The boats, which 
carry abditi five tons each, are drawn by machinery 
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op a Tailiray laid upon these inclined planes, being 
placed npon carriages formed to receive them, in a 
similar manner to those in America. 



Aqtieducts, 

In carrying canals across short and deep valleys, 
in order to avoid a succession of locks which would 
be required if the surface of the canal were made to 
conform to that of the valley, it is usual to carry 
them across at a higher level, through a water-tight 
channel formed and supported upon arches. Such 
structures are termed aqueductSy and in their con- 
struction have afforded some fine opportunities for 
the display of engineering skill. 

Figure 82 is an elevation of a portion of one of 
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the most celebrated aqueducts, that of Pont-y- 
Cysyllte, constructed by Telford, for the purpose of 
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Fig. 84. 
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canjing the Ellesmere and Chester Canal across 
the valley of the Dee. It is upwards of 1000 feet 
in length, consisting of nineteen arches of equal 
span, but varying in their height above the ground. 
The three shown in elevation in figure 82, and in 
plan in figure 83, are the highest, being those which 
cross the River Dee itself; the surface of the canal is 
127 feet above the usual level of the water in the river. 
The aqueduct itself is a cast-iron trough (shown 
in section in figure 84), formed of plates with flanges 
securely bolted together. This trough is supported 
upon cast-iron arches, each composed of four ribs, 
supported upon piers of masonry. The towing path 
overhangs the water, being supported at intervals on 
timber pillars, as shown in figure 84. 

Figure 85 is a transverse 
section of the Chirk Aque- 
duct, carrying the same 
canal across the valley of 
the Creiroig, at a height of 
70 feet above the level of 
the river beneath. It con- 
sists of ten arches of equal 
span, constructed of ma- 
sonry ; in this case only 
the bottom or floor of the 
canal is of iron ; the sides, 
which are 5 feet 6 inches in thickness, being built of 
ashlar masonry backed with brickwork in cement. 
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DOCKS. 

Different kinds of Docks. 

Under the general term docks may be incladed a 
great number of the different accessaries attached to 
a port, such as draw docks^ dry docks^ grating 
dockSy and floating docks. It is to the latter of 
these, however, that the general term docks is usuaSj 
applied. Draw docks are, osaallj, nothing more 
than a sloping road or way leading by a gradnal 
descent from the wharf to the lower level of the 
shore, and enabling carts and other vehicles to be 
drawn down on the beach by the side of the vessels 
lying there, for the purpose of being directly loaded 
or unloaded without the intervention of boats or 
barges. This method of discharging and receiving 
their cargoes is termed beaching, and is very ex- 
tensively practised by the small class of vessels 
employed in the coasting trade, which, from their 
size and build, are enabled to ground (or, as it 
is technically termed, take the ground)^ without 
straining or injuring the vessel. The large extent 
of beach dry at low water, in the River Mersey> 
opposite Liverpool, called Wallasey Pool, and nov 
forming the site of the entrance basin of the nev 
docks at Birkenhead, was used as a beaching-ground 
by all the small coasting vessels, and those, the 
nature of whose trade did not require the superior 
accommodation afforded by the floating docks. 
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There is, likewise^ a great number of draw docks on 
the northern bank of the Thames, more particularly 
between Waterloo and Westminster Bridges. 

Graving Docks, 

Graving docks (or dry docks) are docks con- 
structed for the reception of vessels while under- 
going repairs. They are usually made of such 
dimensions as to contain only one vessel at a time ; 
their sides are formed in steps^ so that the form of 
the dock is somewhat similar to that of the vessel 
which it is to contain, but sufficient space is left 
around it to enable the workmen to get at every 
part of the bottom of the vessel, and to afford suffi- 
cient light for the necessary repairs to be made. 
The entrance of the dock is closed with gates, pre- 
cisely similar to those which we have described as 
belonging to canal locks, by which means, when the 
vessel has been floated into the dock and the gates 
closed, the water is pumped out of the dock, leaving 
it perfectly dry, the vessel being supported on timber 
struts and shores resting upcm the steps already 
mentioned, as forming the sides of the dock. The 
accompanying plates are of a very fine graving dock, 
which is now being constructed by the American 
Government, at their dock-yard near New York. 
Figure 86 is a longitudinal section, taken along the 
center of the dock ; figure 87 is a plan; figure 88, a 
front view of the entrance ; figure 89, a transverse 
section through the center of the dock; and figure 90 
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another ti-ansverse section through the recess for the 
lock gates. The dimensions of the dock are suffi- 
cient to contain the largest vessel in the American 
Navy, its length within the gates being 320 feet, its 
breadth 93 feet, and the width of the lock gates 
70 feet. The manner in which the vessels are sup- 
ported upon timber struts, when the water has been 
withdrawn from the dook, is shown in figure 89, 
from which it will be seen that ready access is 
afforded to every part of the vessel. In order that 
the bottom of the dock may be at all times dry and 
free from water, it is formed with a slight inclination 
from A to B (figure 86), and a gutter is carried across 
the dock at the lower end, leading into a drain or 
culvert, c c, which passes entirely round the dock, 
as shown in figures 86 and 89, with a gradual fiJI 
towards d ; and, the water being constantly pumped 
out of the culvert, it is impossible for any to ac- 
cumulate at the bottom of the dock. Several flights 
of steps (e, e, e,) are provided in different parts of 
the dock for the use of the workmen, by which they 
are enabled to reach any part of the vessel with 
great facility. 

Floating Docks, 

Floating docks consist of excavations or basins 
filled with water, the surface of which is always 
maintained at such a level that the vessels in it are 
at all times afloat, the dock being separated fiom 
the river or sea (as the case may be) by means of 
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lock gates, so that the fluctuations in the level of 
the latter, occasioned bj the wind and tide, do not 
afiect the former. In most cases, a lock is formed 
at the entrance of the dock bj a double pair of 
gates, in the same manner as the canal locks which 
we hare already described, by winch means vessels 
can be passed into and out of the docks, even when 
a considerable difference of level exists between its 
surface and that of the river without. The sides of 
the dock are usually formed by walls of masonry, of 
sufficient strength to resist the pressures o( the 
ground and water to which its opposite sides are 
exposed. Along the top of the wall, tramways, 
cranes, and other appliances for readily removing 
goods from the vessels, are usually placed. 

The advantages possessed by floating docks is 
so great, that few ports of any extent are without 
them ; but it is more particularly, in situations where 
vessels lying in the natural river or estuaiy would be 
much exposed in rough weather, that the benefit of 
secure and well-sheltered docks is more especially 
manifest. We have, accordingly, selected the port 
of Liverpool as aflbrding the best example which 
we could find, of the successful employment of 
floating docks; not only on account of the pecu* 
liarly-exposed situation of that part of the River 
Mersey, but because the dock establishments of Li- 
verpool are unequalled throughout the world, both 
in extent and arrangement. 

The situation and relative positions of the various 

F 2 
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docks belonging to Liverpool are show^n in the plan, 
figure 91, and the following table exhibits their 
extent ; that is, the area of the water surface in acres 
of each dock, and the length of quayage possessed 
by each in yards ; as also the width of the entrance 
in the narrowest part, and the depth of water over 
the sill of the lock gates at the average level of the 
high water of spring tides. Those distinguished by 
an asterisk in the following table are in process of 
formation. The level of the high water varies con- 
siderably, the highest tide on record being six feet 
nine inches higher than the average, and the lowest 
on record being nine feet helow the same. 
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By a reference to the plan (figure 91), it will be 
seen that, while most of the docks have a separate 
entrance from the Mersey, they likewise communi- 
cate with each other, forming an almost unbroken 
chain ; so that barges and other craft may pass from 
one dock to another without the necessity of being 
locked out into the river, and back again into the 
docks. They also communicate, by a series of locks, 
with the Leeds and Liverpool Canal, so as to allow 
barges from the manufacturing districts to reach any 
of the docks without passing into the Mersey. 

Some idea of the extent of this truly magnificent 
Dock Establishment may be formed from the fol- 
lowing statement of their dimensions. The extreme 
length of the river wall belonging to the dock estate 
is very nearly 4 miles ; and the total area of water 
surface 195 acres, including 20 acres of basins and 
5 acres occupied by locks and passages ; the whole 
extent of quays for loading and unloading is upwards 
of 14 miles, including 1 mile 1060 yards belonging 
to the basins, and 1 mile 989 yar,ds to the locks and 
passages. In addition to which, there are not less 
than eleven graving docks, similar to that described 
at page 95, either completed or in progress, the 
aggregate length of which will be 1825 yards, or 
upwards of a mile. 

The total area of water surface afforded by the 
floating docks of the port of London is about 227 
acres, of which 154 acres is on the city or Middle- 
sex side, and the remainder on the Surrey side 



CIVIL ENGINEERING. 



105 



of the Thames. The names of the docks on the 
Middlesex side, the date of their being opened for 
the purposes of trade^ their* area, and the name of 
the engineer by whom they were constructed, are 
shown in the following table : — 



Name of Dock. 


Area in 
^cres. 


Date of 
Opening. 


Engineer. 


West India Docks . . 

East India Docks . . 

London Docks . . • 
St. Katbarine*s Dock . 


82 
31 

so 

11 


1802 

1803 

1805 
1828 


Jessop and Rennie. 
'{ Ralph Walker and 
( Renuie. 
Rennie. 
Telford. 



It might at first sight excite surprise, that the 
dock accommodation of the port of London is so 
nearly the same as that of Liverpool, although the 
number of vessels belonging to the latter port is not 
more than one-third of those belonging to the former. 
But it should be remembered, that from the ex- 
posed situation of the Mersey, off Liverpool, and 
the strong stream caused in the river by its sudden 
contraction, vessels cannot lay with safety or ease in 
the river, and therefore the docks of Liverpool are 
required to be of sufficient extent to accommodate 
the whole trade of the port. Whereas, in the case 
of the port of London, the fine reaches of the 
Thames afibrd a secure and convenient berth for 
an enormous number of vessels ; the colliers, coast- 
ing vessels and steam vessels being entirely thus 
accommodated, and the docks being principally 
used by the larger vessels connected with foreign 

F 3 
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trade. These smaller vessels are disposed in tiers^ 
on each side of the river, moorings being laid down 
for their use ; and the number of vessels in each 
tier is so regulated hj the Harbour Masters of the 
port, as to leave at all times a clear navigable 
channel between them, not less than 300 feet in 
width. The number of vessels which can be thus 
accommodated is 461, of which 244 are on the 
south side, and 217 on the north side of the river. 

In the port of London, and in most situations, the 
docks are formed bj excavations made on the banks 
of the river, but at Liverpool they have been formed 
in the river itself, by inclosing within walls of ma- 
sonry a portion of the beach of the Mersey, and 
afterwards excavating the bottom of the docks thos 
reclaimed, as it were, from the river, to a uniform 
and sufficient depth. In some other situations, as 
at Bristol, the natural river flowing through the city 
has been converted into a floating dock, by placing 
lock gates across it, both above and below the city, 
and forming a new cut or channel for the waters of 
the old river to pass along, and for the use of vessels 
having to proceed further u^ the river. 

The lock entrances of docks are precisely similar 
in principle to those already described as being used 
on canals; but, as their dimensions are usually much 
greater, some difficulty has been experienced in ob- 
taining timber of sufficient size for their construction : 
on which account, and for greater durability, iron 
lock gates have been employed in some situations. 
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The strength of the <k)ck walls, and dietr suffi- 
ciency to sustain the pressures to which they ave 
exposed (being that of the ground on one side and 
of the water <m the other), may be determined by 
means of the rules already given *, 

BRIDGES. 

Selection of Site^ and determination of the kind of 

Bridge. 

A great variety of circumstances require to be 
consideied in determining the best position, pro- 
portions, and materials, of which to construct a 
bridge fox any particular situation. The most 
general and important ob^t to be attained is the 
establishment of a convenient and pennanent means 
of communication b^ween the two opposite shores, 
with as slight an interference with the free naviga- 
tion through the bridge as possible ; and the attain- 
ment of lliis object is, in many »tuations, attended 
with considerable difficulty, inasmuch as the con- 
ditions requisite for the preservation of the naviga- 
tion are incompatible with those required for the 
formation of a convenient road. For example, in 
die case of a river with low banks and much fre- 
quented by shipping, the construction of a bridge 
which would at the same time affiord an uninterrupted 
passage for vessels under it, and a convenient means 
of transit for vehicles over it, would be almost im- 
possible; because, were the arches of the bridge 

* RndimentB of Engmeeringi Part L, pogee 66-70. 
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made of sufficient height to allow vessels freelj to 
pass through them, the level of the roadway would 
be so much elevated above that of the adjoining 
banks as to require either a very steep approach 
firom both sides, or long and expensive embank- 
ments ; and if, on the other hand, the level of the 
roadway were so low as to remove these objections, 
the passage of vessels with masts would be stopped, 
and the navigation materially interfered with. 

To remove these difficulties in such a situation, it 
has been suggested to construct the bridge with one 
or two of its arches so arranged 4us to be capable of 
being opened, at intervals, for the passage of vessels. 
But such an arrangement only mitigates the evil, 
and is far from entirely removing it ; and, in those 
situations where the traffic over the bridge was con- 
siderable and continuous, the periodical stoppages 
occasioned by the opening of the passages for the 
navigation would be extremely inconvenient. 

The preservation of a free channel for the naviga- 
tion, and the formation of a convenient means of 
communication, are, however, not the only important 
points to be considered. The effect which the con- 
struction of the bridge is likely to produce upon the 
river itself, whether it would tend to increase the 
velocity of the stream, and so produce a scour and 
washing away of the sides and bed of the river, and 
ultimately, perhaps, endangering its own existence ; 
whether it would alter, and in what manner, and to 
what extent, the existing direction of the current, and 
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SO cause the formation of eddies and still water, and 
their constant attendants, shoals and banks of de- 
posit ; or whether the obstruction of its piers might 
not, in times of floods, by damming back the water, 
occasion the overflow of tracts of country adjoining 
the river above the site of the bndge, are all in- 
quiries of immense importance, which require to be 
duly weighed and considered previous to determin- 
ing the proportions which ought to be given to the 
several parts of the structure. 

There are three different kinds of bridges, namely, 
those of masonry, those of iron or timber, and those 
on the suspension principle, each of which is pecu- 
liarly adapted for certain situations and circum- 
stances ; and, therefore, the kind of bridge to be 
adopted is also a point to be considered in the first 
stage of the investigation, although thera are certain 
situations for which one kind of bridge would be 
as well suited as another: in which cases the choice 
becomes merely one of taste, or is determined by 
pecuniary considerations. 

With regard to the selection of the best site for a 
bridge, in many cases very little room is left for the 
exercise of the Engineer's judgment in the matter, 
the position of the bridge being determined by other 
circumstances, such as the necessity of joining two 
existing roads, or of avoiding interference with ex- 
isting establishments on the river's banks. Where, 
however, the choice of its position is left with 
the Engineer, it becomes necessary for him to 
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make a careful personal inspection of the localitj, 
to hare the banks of the river accurately surveyed, 
as well as soundings taken of the depth of the river 
at uniform distances apart, and borings of the nature 
of the strata composing its bed. In addition to 
which, he should inform himself of the vdoeity of 
the stream, the height of the water, and the quantity 
passing down the river at all times and seasons of 
the year, as well as the nature and extent of the 
trade carried on upon it. Prepared with these data, 
he will be in a position properly to consider the 
subject, and to arrive at correct conclusions. In 
the infinite number of different cases and varying 
circumstances which may arise in practice, it would 
be impossible to lay down any general laws upon 
this subject, but the following hints will be found of 
service in guiding to a correct determination. That 
part of the river should be selected whose course is 
straightest, bends and sharp turns being veiy un- 
suitable situations for a bridge, because at such parts 
the stream is usually irregular, and not parallel to 
the river's banks; and unless the piers of the bridge 
were placed parallel to the direction of the stream, 
which in such a situation they could hardly be, they 
would offer a much greater obstruction to the motion 
of the water, occasion eddies and shoals below the 
bridge, be liable to be undermined by the action 
of the stream acting only on one side of the pier, 
and endanger the safety of vessels navigating the 
river by their tendency to be carried against the 
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piers. For the same reasons, the bridge, if possible, 
shoald cross the riv^er at right angles to the course 
of the stream, and, if this be prevented by circum- 
stances, the piers mui^ still be placed parallel to the 
stream, and making an angle with the direction of 
the bridge. An arch so constructed is termed a 
skew arch, and the angle formed by the sides of the 
piers and a line perpendicular to the direction of the 
bridge is termed the angle of skew, and should not 
exceed seventy degrees. Not only must the En- 
gineer, however, be careful to construct his piers in 
such a manner as not to alter the direction of the 
stream, he must also see that its velocity is not 
materially increased, which, if the bed of the river is 
of a soft or loose nature, would cause it to be rapidly 
scoured away, and, by undermining the foundations 
of the bridge, in time endanger its stability. The 
following Table, taken from the " Edinburgh Ency- 
clopaedia,'' exhibits the velocity of stream, which, 
under ordinary circumstances, the various descrip- 
tions of soil enumerated are capable of resisting. 



TIm ordinary natvre of 
Current. 



Very slow 

Gliding 

GenUe 

Regular 

Ordinary velocity 

Extraordinary dc rapid floods 
Extraordinary floods and \ 

ri^iids / 

Torrents and Cataracts 



Velocity. 


Infieet In miles 


per per 


Seccmd. Hour. 


0-25 


0-171 


0-50 


0-341 


l-OO 


0*688 


2-00 


1'364 


300 


S-046 


3-35 


2*884 


3*49 


2-352 


3*55 


2-^0 


9-86 


6*723 



Materials that resist these ve- 
locities, and yield to more 
powerful ones. 



Wet ground* mud. 

Soft clay. 

Saod. 

Gravel. 

Stony. 

Broken stones, flints. 

Collected pebbles, soft schistes. 

Beds of Rocks. 

Hardened rocks. 



It should, however, be observed, that the scouring 
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inflaence of rivers depends not only on the velocity 
with which they move, but also upon the depth or 
weight of water resting upon their bed. The reason 
of this will be readily understood if we consider 
that the water acts upon the materials composmg 
the bed of the river by its friction very much in 
the same manner as a solid body would ; and it 
therefore follows that, the more heavily the water 
is pressed against the ground, the greater will be its 
friction, and the more powerful its scouring agency ; 
in addition to which, when the depth is considerable, 
the increased pressure of the water causes it the 
more readily to insinuate itself into the interstices 
of the strata, which it thus loosens and assists in 
breaking up. It is, however, only in the first act of 
breaking up the bed of the river that an increase 
of the depth of water influences and increases its 
scouring effect ; the power of the water to caiTy or 
roll onward the matters which it has torn up de- 
pends only upon its velocity, always supposing that 
the quantity of the water is such, that its momentum 
is not influenced by the resistance of these matters, 
and that the depths are within such limits that the 
specific gravity of the water is not materially in- 
creased by compression. 

The most important point claiming the attention 
of the Engineer, as far as the stability of the bridge 
is concerned, is to obtain a secure and unyielding 
foundation for the piers, and abutments, such as will 
safely support the superincumbent weight of the 
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bridge and its load, and is not likely to be afiected 
or disturbed by changes in the bed t)f the river, or 
other circumstances. 

It may here be generally observed, that while 
bridges of masonry are best adapted for the support 
and conveyance of heavy and continuous traffic, 
such as that passing daily over London Bridge, they 
offer greater obstruction both to the stream and 
navigation than either iron or suspension bridges, 
on account of the comparative smallness in the 
span of their arches, and the piers occupying a 
space varying, in the examples which we have given 
in the tables following*, from ^^.^^th or -i\ths of the 
span, as in the bridge of the Holy Trinity at Flo- 
rence, to ^.^gth or -j-yths, as in the Neuilly Bridge 
over the Seine ; while those of the iron bridges vary 
from 7%th or s^ths, as in Vauxhall Bridge, to T4*4th 
or ^a^ds, as in the Pont du Carrousel ; and those of 
the suspension bridges from V-^th or ^^ths, as in the 
Brighton Chain Pier to ^arth or ^^^ths, as in the 
bridge near Fribourg. These numbers may be 
taken as those representing the comparative obstruc- 
tion which the respective bridges offer to the stream ; 
but that which affects the navigation depends not 
only upon the width or span, but also on the height 
or headway afforded under the arch of the bridge, 
so that we should, as far as the facilities which each 
offers to the navigation, rather compare the area 
of the space between the intrados of the arch and 

* See Tables pages 117, 140, and 147. 
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Of Bridges of Masonry, 

Having already stated, at some length, the princi- 
^es upon which the equilibrium of arches of ma- 
sonry depend, and given rules for finding the pres- 
mre upon the keystone^, by which its depth should 
be determined; and that being fixed, for so pro- 
portioning the depth of the other parts of the arch, 
that the whole may be in equilibrium f, it only 
remains here to offer a few remarks upon the prac- 
tical use of these rules. By reference to the Table 
there given |, it will be seen how widely the practice 
of engineers differs with regard to the load which 
they consider it safe to place upon an arch of 
masonry. Taking into consideration the materials 
of which it is composed, the bridge which carries 
the Great Western Railway across the Thames, near 
Maidenhead, is certainly the boldest which has ever 
been constructed, the actual pressure at the crown 
of the arch being about one-third of that which 
would begin to injure the cohesive strength of the 
material of which it is composed. And, although 
the construction of this bridge has shown that it is 
practicable to approach much closer to the load 
which would cause failure than had before been 
considered safe, it is questionable how far prudence 
would warrant such an approach in ordinary cases, 
especially when we consider how many accidental 

* Rudiments of Engineering, Part I., page 51. 

f Ibid., page 46. % Ibid., foot note, page 52. 
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circumstances may deteriorate the stability of tbe 
arch, to guard against which it seems desirable that 
a much wider margin should usually be given, and 
that the greatest load upon the key -stone should not 
be greater than ^^th ef that which would begin to 
crush its material in bridges exposed to only ordi- 
nary traffic, and in those which are continually 
exposed to the tremour and vibration occasioned 
by a continuous and very heavy traffic, not more 
than 7oth. 

We have in the annexed Table exhibited the pro- 
portions and dimensions of some of the principal 
bridges in Europe, in which we have given the 
radius of curvature of the main arch at its soffit, 
as well as the depth of their key-stones, and the 
materials of which they are composed, from which 
the student will be enabled to observe the propor- 
tions which have been adopted by some of the most 
f niinent engineers. 
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In the accompanying plate, figure 92; we have 
shown the intradoses or profiles of the principal 
arch of each of the bridges mentioned in the fore- 
going table, all drawn to the same scale, so as to 
afford at one view a comparison of their relative 
size and form. 

In the construction of a bridge the most im* 
portant point is to obtain an unyielding foundation 
for the piers and abutments, and, if this can be 
secured, the engineer may with safety adopt bold 
proportions for the arches of his bridge ; but, in a 
situation in which the piers would be likely to settle 
to any extent, every precaution should be taken 
to increase the stability of the arches. It is a 
matter which may reasonably excite surprise, that 
engineers should so universally construct the piers 
of their bridges with solid masonry, since a very 
little consideration would suffice to show, that such 
a mode of construction is usually the worst which 
could be adopted, especially where the ground be- 
neath the piers is of a yielding nature. The real 
office which the pier of an arch is intended to per- 
form is merely to support the arch, to receive its 
weight and transmit it to the foundation, and it per- 
forms this in the most perfect manner when it adds 
to that weight in the least degree; in most cases^ 
however, the weight of the pier itself is equal to 
about half that of the superincumbent arch*^ so 

* Bj reference to the table at page 114, it will be seen that the 
weight of that portion of the pier of London Bridge hehw the spring- 
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that the weight which the foundations have to cany 
18 half as much again as the real weight of the 
bridge. In the construction of the piers of a bridge, 
the points which ought to be attended to are as 
follows ; namely, that the substance of the pier shall 
be sufficient to enable it to sustain without injuiy 
the vertical pressure of the arch and its load, as 
well as that of the water and any accidental force to 
which it might, under extraordinary circumstances, 
be liable to be exposed; and that its base should 
be of such dimensions, that the pressure arising 
from its own weight, and that which is insistent upon 
it, may be distributed over a sufficiently large area 
of ground. Now, so long as these two conditions 
are fulfilled, it is sufficient ; and any additional sub- 
stance given to the pier is clearly so much addi- 
tional load thrown upon the foundations, and is 
positively detrimental to the stability and security 
of the structure. 

Perronet appears to have understood better the 
real use of piers, although he seems to have been 
more disposed to lighten them by reducing their 
external dimensions, rather than by constructing 
them hollow; for instance, in the Neuilly Bridge 
already mentioned, we find the piers are less than 
one-ninth of the span of the arch. In the bridge 
of St. Maxence he has, however, effected the same 

ing is nearly equal to half that of the center arch ; and that, id the 
case of Southwark Bridge, the weight of the pier is more than twice 
as great as that of the superstructure, which it merely serves to sappoit 
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object by canrying up the piers in four columos 
nnited in pairs, and turning a small arch across 
between them intersecting the tncun arch of the 
bridge, as shown in figures 93 and 94. 
Fig. as. 



The best examples, howerer, of a judiciously^con- 
trived pier, are those of the Charing Cross suspen- 
sion bridge, lately constructed from the designs of 
Mr. I. K. Brunei, and the construction of which is 
fully shown in figures 106, 107, 108, and 109*. Here 
the weight of that portion of the pier which is below 
the rusticated basement is only two-thirds of what it 
would have been bad it been built solid, as most of 
the other bridges across the Thames have been. 
Ii of Cinl EngineeriDg, loi iii. 
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The ibvegoing lemarks apply wiib etpsi force » 
Ae case of abstments as ia. that of pittis, tbe nswt 
practice m the constEncftioii o# which has beea lo 
form a solid mass of masonrfy the wmgb of whidi 
materially assists the thrust of the arch in producing 
settlement bj the compression of the ground upon 
which it rests. It is obvioaa tliat the veal use of an 
abutment to an smk is Botfong^ mote Aan to extend 
the surface upon w&iehc it rests azid from which it 
derives sapport, without, at the same tine, materially 
increasing its pressnrey and so> by zedscing the load, 
on any giien area, to increase the stabi£ty of the 
structure ; whereas, it would be found in the majority 
of cases, that the pressure upon every sq.uare foot of 
surface at the springing is less them that which the 
thrust of the arch and the additional weight of the 
abutment together occasion on the foundation upon 
which they rest. 

In building a stracture, the weigM of which is 
considerable, upon any kind of substratum (except- 
ing only rock), some amount of sinking or settleoKnt 
from the compression of the ground will almost 
always be found to take place^ and,. a& it isr veiy 
desirable, in the case of a bridge^ that the settlemeiU 
of the piers and abutments, if any, should take place 
preyious tO' the construction of the arch, the pieis 
and abutments^ when built up to the springing course, 
sboitld be loaded with a weigjit air least equal te that 
of the arch which they are afterwards to carry ; and 
in this state they should be left, if possible, for some 



CIVIL XN«IIIBBIIINO. 128 

}iiAsy during which period the water Bboold be 
admitted into the interior of the cofiTer dams, so that 
the piera maj be brought as nearly as possible into 
the same eondilioti as tluit in which they would be 
when the bridge was cofapleted ; so that, if the 
gromid is disposed to jield under the joint influence 
at the water and the load, it may do so before the 
constniction of the arches is commenced. 

Pre^oos to the piers being loaded, and at legolar 
iatenrals afterwards, carefal lerels ahoold be taken to 
asoertaiD whether any settlement haa oceurred ; and 
as aoott as it has been foimd by means of these 
obsenrations that all subsideoGe haa ceased, and not 
vntil then, the arches should be commenced. The 
loading of the piers should be gradually removed aa 
the arches progress, in such a manner that the weight 
«pon the piers may be maintained as nearly uniform 
aa possible. 

!Next in importance to securing a firm foundation 
fiMT the piers and abutments is the proper construe- 
^n of the arch itself. Could the areh-stonea or 
▼ousBoirs be worked with perfect accuracy to the 
wedge form required, and then be brought into imme- 
diate contact without the interposition of any mortar 
or cement, as was firequently done by the Romans 
and the Cyclopaean builders of old^we should have 
an arch in the highest perfection^not liable to settle- 
ment, and which would maintain its form unaltered as 
long as the materials of the stone endured. Although, 
however, we cannot in practice dispense entirely with 

G 2 
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mortar between the joints, they may be reduced so 
much in thickness as to leave but small room for 
any after-settlement in the arch arising from tbeir 
compression ; and, by proper attention to these points, 
engineers have so far succeeded as to be able to 
construct arches of two hundred feet span, with a 
settlement in the crown of the arch of scarcely 2} 
inches. 

To support the voussoirs of the arch during its 
construction and until the insertion of the key-stone, 
it is requisite to have a timber platform termed the 
center or centering^ the upper surface of which is 
made to correspond accurately with the intrados of 
the arch, so that the stones being placed upon it maj* 
be retained in their proper position, until the arch is 
completed by the insertion of the key-stone. 

It is requisite that the center of an arch, of any 
size, should be constructed with the greatest possible 
care, and in such a manner that the weight of the 
arch-stones may not alter its form ; a point veiy 
difficult to be secured with a material so elastic as 
timber, and where the load is at first thrown only on 
a small portion of the framing. In cases where this 
has not been sufi^ciently attended to, it has been 
found requisite to place a load upon the middle of 
the centers, to counteract their tendency to rise at 
that point, occasioned by the depression of their 
haunches under the weight of the arch-stones. And 
in the centers for the Neuilly Bridge, designed by 
PeiTonet, from their peculiar mode of construction, 
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the settlement was so considerable (nearly two feet 
at the crown) that a variety of expedients had to be 
resorted to, to prevent their being crushed, and 
letting down the arches. It is also requisite in the 
center of an arch to have the means of gradually 
lowering the center as soon after the completion of 
the arch as may be deemed prudent, which should 
be done in the most regular and gradual manner, in 
order that the arch may have time to settle equally ; 
this operation is technically termed striking the 
centers, because they are usually supported on 
wedges, the striking out of which allows of its 
gradual descent, in the manner which we have 
described. 

As an illustration of the practical operations in- 
volved in the construction of a stone bridge, we have 
selected the Grosvenor Bridge over the Dee at 
Chester, not only on account of the boldness of the 
arch, but also because several novel expedients were 
adopted by its engineer, Mr. Hartley, of Liverpool, 
with very great success. The profile of the arch is 
shown by the line 10 in figure 92, and the principal 
dimensions of the bridge will be found in the table 
at page 117. Figure 95 is an elevation of the bridge, 
and figure 96 a longitudinal section of half the arch 
and the north abutment, showing the center upon 
which it was constructed. 

The south abutment of the arch is founded upon 
the solid rock, as is also the principal portion of that 
on the north side; but the rock suddenly terminating 
at A, and being succeeded by a stratum of very loose 
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mudf it iras found necessary to 
dnve piles for the sapport of the 
"back portion of die abuCiueoi, as 
«iiown in the figure. The inato- 
lial of which the bridge is con- 
stnicted is the native saadstoney 
irith the exception of the lace of 
ihe abotnents and the two first 
courses of the aich, which are 
of granite, and the three center 
courses of the arch and the quoins, 
which are of Anglesea marine or 
limestone. By an inspection of 
the plate it will be seen that the 
piinciple of the anch is carried 
oot in the abatraeats, the ooarses 
of which are made to radiate 
towards the center of the intrados 
of the bridge, until thej meet the 
rock, in which steps were cut, the 
bed of which partook of the same 
4riope, so that the rack itself may 
be regarded as die actual abut- 
ment of the arch. 

Upon striking the ceotecs of 
bridges, it is nsually found that, 
in consequence of the oom- 
presston in a greater or less 
degree of die mortar in die 
jointB of the voussoirs, the form 
f^ the arch becomes modified, 
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Ml acconvt of tfie greater seitleimeDt of itbe Atones 
IB tke neuter ^sr cromm ^ ihe ^arcL The seftscui of 
^ifcidb k, 4kat as the stones approacb tlie hauaches 
Ibef beooEne less inclmed lo die jhonsooy bimI a 
greater portion of their ifeigbt is thrown upon ihe 
jc^ttt, less bdng borne bf the center, from which 
eanse t^ compression of die j cants near the haunches 
takes flaoe 4a]ing die constrvetion of the bridge; 
wltereas, in tho«e stones which are near the crown <af 
tbe arch, their weight «being almost exUirely borne bj 
Ibe centens, the joiaots wpq but slightly compressed 
until the weight of the stones is broij^ght upon them 
by the operation <^ striking the centersi, and iben 
the setiksmeot conseqaent upoaa tiiis ^compresfiion 
tidkes ^ace. We bare ailsEeadj explained^, while 
treating of liie stability «of -arcbes, that^ when the 
«Town isf an arch sinks, the tendency of the arch- 
«tones near the crown is to tunn upon their louter 
'edges, and of those near the haunches «pon their 
kiner edges, in the manner showaa in figui« 23, the 
elfect of which is &eqaently seen in the opening of 
the joints at the back of the arch at the baunches, 
n»d on the soffit of the SBOcfa near the crown, pieces 
l^ng frequently spikitened aS from the opposite 
edfies of the joints in oonseijaence of this tendency 
to turn ^abottt tixem. 

Now in the Chester Bniige this tendency of the 
jc^ts to f&p&a w«s guanled against by the insertion of 
thin plates of lead between ihe &rch-st<Mies <on «eac2i 

* Rudiments 0F 'Ciffil EagmeenBg, Part I, ]psge4A 
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side, from the springing up as far as that point in the 
arch, where the line of pressure passes through the 
center of the stones, which in this case was assumed 
to be at about one-third of the arch ; and further, bj 
two wedges of lead being laid under the springing 
course, which were an inch and a half in thickness 
on the face of the arch, and ran out to nothing at the 
back. By these means, as the arch settled, the lead, 
being of a yielding nature, became slightly com- 
pressed, and caused the pressure to be more equally 
distributed over the surface of the joints. The 
following method was also adopted of setting the 
key-stones, by which ihe joints near the crown of the 
arch were somewhat compressed previous to the 
centers being struck : three thin strips of lead were 
placed on the sides of each of the stones composing 
the last course on each side of the key-stones, which 
latter, having been besmeared with a thin kind of 
putty composed of white lead and oil, were forced 
down into their places by a small pile-driving engine, 
the strips of lead serving as slides to prevent the 
stones rubbing against each other. 

We have yet to describe the center, which was 
designed by Mr. Trubshaw, the contractor for the 
bridge, and differed very materially from any which 
had been previously constructed. It was supported 
upon four temporary piers of stone, built in the river, 
two of which are shown at B,B,in the section (fig. 96). 
From the tops of these piers the timbers which were 
intended to support the arch-stones radiated in the 
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manner sfaown in the drawing, their lower end being 
secured in a cast-iron shoe fixed on the pier for their 
reception, and their upper ends being connected toge- 
ther and retained at nearly equal distances apart by 
two thicknesses of planks c, c, bent round to the form 
of the arch ; and they were still further secured by 
the horizontal timbers, d, d, to which they were 
bolted. There were six of each of these fan-like 
framings in the width of the bridge, placed at equal 
distances apart, and steadied by transverse timbers. 
The timbers, e, e, e, for the support of the arch- 
stones, technically called laggings (one of which was 
placed under every joint), were supported upon the 
curved rim c, c, of each of the framings; folding 
wedges being placed under them, so that, by driving 
the wedges back, any portion of the arch might be 
gradually lowered at pleasure. The peculiarity in 
the construction of this center consisted principally 
in the timbers being disposed radially, so as to 
receive the pressure of the voussoirs in the direction 
of their length, after the manner of a pillar, in which 
direction timber, when subjected even to very con- 
siderable strains, suffers very slight compression ; 
and these centers were not therefore liable to the 
failing of too many others, that of change of form^ 
under the unequally-distributed load of the arch 
while in course of construction. The manner in 
which the centers were struck was also peculiar, that 
of having separated wedges under each arch-stone, 
so that any portion of the arch might be relieved 

G 3 
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horn anpporty wbik the remaiBder was .irtiU boiae hj 
ihe center; aznl ibus Che ei^^eer poseesaed 4lie 
|>ower of aUowiiig those parils of Uae arch to «e(de 
first which he aaigfat think desirable. Whereas ia 
the ordinaiy iorm of center it is usual to ha^e the 
^alixe span of the arch in one framiiag supported 
upon wedges at each eKtremity, upon stiiking wbick 
the wholo of the oeater would be lowered sia&til- 
laneously^. 

The method which ve have abo^'e -described, ef 
jAsertiDg strips of lead between the jokits <of die 
voussoirsi was adopted with the same object is dtf 
eoiistructiou of a bridge over the Dora Ripsxii^ 
oear Turin. In this instance ihe engaoeer con- 
atructed the center widJi a greater d*ise thaa that 
which he intended the arch jLo have wb^i completed, 
ao as to allow for its settlement ; the span of tbe 
Bsch was 147 64 ieeiy and the Tersiue or rise 1804 
ieetg while that of the centers was made equal to 
18*9, or about 10 inches greater. The arch^tone% 
which were of granite, ha^'ing been accuratel^^ ^med 
to the proper wedge-form, were then put in their 
places on the center, in sucii a manner tihat the 
joints near the haunches were made wider on tbe 
face of the arch than at the back, those midiraf 
being made parallel, and those near the cro^vai wider 
at the back than on the iace of the arch, no moitar 

* For a farther description of this bridge, and plates showing the 
details of its construction, the reader is referred to the Transactioos of 
tka instito]tiQn.of Cidl Engiooera, vol. i^ page 207. 
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ar ecMtrot h&Uf pl*ce2 betveen (be Btooes, «riiH^ 
vers kept tt IIk pmper dist«noe« apait bf wedges 
^ iron -and lead driraa in betneen them. When 
the wJKile smAi bad tbae beea cempletedj and the 
positido of tbe Bich-stoBeB offefatly eramnied, a 
moJeralely EipBd oeaaMit oempoBcd of -equal por- 
tions of iUme «Bd clean sand was poured into the 
joinla. After wfaicb, iktwjtg allowed tventy daj^ to 
ODOKilidBte, ifae centra weic gradually struck, when 
die arch subsided irith -great regularity about 4^ 
iwirhM, and a load of about 3000 terns 'of ballast 
hiwfe imifonnly diabibuted e<T«r the arct, and 
aUomed to seKaia for fow montbe, caused a further 
■ettlemeait q£ i^- inch, bort intboat producing any 
inmgitlaTit^ io 4ke ioaa vf tbe «n:h *. 

The filertfisB (fig. ST) of the bridge oonstraoted 
Iqr Tel&rd, nnetr ike -Serem, -at Glouoeeter, has been 



introdnced for the purpose of pointing out a pe- 
culiarity in the form of its soffit, first suggested by 
PeiTonet, which consists in making the curve of fiie 
intrados of the ardi flatter at the lace than in tbe 

'* ForafiiH account of Oiis work, teethe TraDsaclionB of thu laatiCn- 
lim <tf £wU EaginBera, -vol i., paee US. 
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middle of the arch, so as to form a kind of splay on 
each 8ide> commencing at the haunches and dying 
away at the crown where the two curves are made 
to coincide, and at which point alone the soffit of the 
arch is straight on the transverse section. In the ex- 
ample which we have selected, the form of the arch 
in the center is an ellipse, as shown by the line 8, 
fig. 92, while the line of the intrados on each of the 
external faces of the bridge forms a flat segment of 
a circle. Perronet himself applied this peculiar 
mode of forming the soffit in the Neuilly Bridge, 
over the Seine, already referred to, and the dimen- 
sions of which have been given in the table at 
page 117. The same principle was also adopted in 
the bridge which we have mentioned above as being 
constructed over the Dora Riparia, near Turin ; but 
in this case both the curves are segments, only the 
external one is much flatter than the other. In 
addition to the pleasing efiect of lightness and grace 
which this method of forming the soffit of an arch 
afibrds, it possesses some advantage in saving of ma- 
terial, as well as afibrding a better form (somewhat 
resembling that of the contracted vein) for the passage 
of water, in cases where the river, in time of floods^ 
is liable to rise above the springing of the arch. 

In the construction of arches of masonry, some 
kind of centering is absolutely necessary for the 
support of the arch-stones, or voussoirs, until the 
key-stones are inserted. But, in the case of brick 
arches. Sir Isambart Brunei, some years since, de- 
vised a method of constructing them, in which the 
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use of centering was entirely dispensed with, and 
in consequence a considerable saving of expense 
effected. The piers of the bridge having been con- 
structed in the usual manner, up to the springing, 
he proposed to commence building a portion of the 
arch right and left, on both sides, taking care that 
both arches progressed at an equal rate, so that 
they should always balance each other; in order 
to increase the cohesion of the structure, he intro- 
duced bands of hoop-iron, longitudinally between the 
courses, in the manner already e:fcplained (at page 81 
of the First Part), and by these means he was en- 
abled to carry on the two semi-arches, until they 
met those produced in a similar way from the oppo- 
site piers, when, the brickwork being made good 
between them, the arch was made perfect. He pro- 
posed that the arched rib, as it were, thus formed, 
should not be built more than about 4 feet in 
width, the true form of the arch being insured by 
the use of a template, as in building curved walls. 

A narrow arch having been completed across. Sir 
Isambart proposed to extend it to the requisite 

Fig. 98. 
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width l>y boiMii^ on each side of it, 
adding from nine to eighteen isiches 
«| a tune, and voddng in stepfi in 
liie masDer diown in £g. S6, so that 
« great number of biicklajers might 
•imultaneonsly be employed. 

It would, probably, by many per- 
6on« be considered ia4)ossrble thus 
to construct a d^ider iarcife&d xib 
of any extent, which daoald be 
capable of sustaining itseJf with 
safety, until it had attained a length 
equal to the semi-span of «iidi an 
arch as die center one of lion- 
•don Biidge. Sir Isand)i^ bow- 
o^er, set all doubts at Teat, aiui 
demonstrated its praoticahility by 
actually constructing two semi- 
arches, an elei^ation of which is 
shown in £g. ^. They wese bmlt 
of bricks laid with mortar prepared 
with blue Has Hme; several bands 
of hoop-iron Ij inch wide and j^jih 
of an inch in thickness, as well as 
rods of fir about an inch and a half 
square^ and having their edges 
notched, were inserted longitudin- 
ally between the courses, extending 
throughout the whole length of the ; 
structure. The radius of curvature 
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rf IJhe arch was 177 feet, ani, 
aHhcmgh -only 4 feet 6 Tocbes in 
iridtii -at &e top, it tras cxtendea 
«o l!he length of 40 feet oa each 
nde of the center pier. One end 
iras some time after extended 
another 20 feet, making its total 
length from 6ie pier fiO feet ; and 
■as the other ride could not be ex- 
-tended in the same way, in con- 
seqnence of want of space, aTreight 
amounting to 28j tons was sus- ; 
pended from it as a counterpoise, j 
The stmctare having no foundation 
whatever in the ground, and merely 
Testing upon a Yorkshire landing 
stone, was disturbed by some deep 
excavations made within a few feet 
of its base, which caused the arch 
-to crack upon hath sides of the 
fner, as shown at A, A. Although, 
however, -flie fracture extended 
completely through the substance 
of the arch, so that light could be 
seen through it, the structure stood 
in that state for upwards of three 
-years, during which time it must 
have been supported by the timber 
■and iron ties already described. 
The longest arm subsequently fell 
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during the severe frost in January, 1838, in conse- 
quence of the expansion of some water (which had 
found its way into these cracks) while in the act of 
freezing, the enormous force of which, assisted by 
the weight of the semi-arch, suapt asunder the ties, 
and allowed it to fall. Figure 100 exhibits the state 
of the arch after the accident ; the portion which fell 
separated into three pieces, two of these, b and c, 
being still united by the hoop-iron bands, which were 
not broken ; the other piece, D, was the portion of 20 
feet which had been subsequently added, and which, 
having' been but imperfectly connected with the old 
work, broke off nearly even, and was not at all 
injured by the fall. The shorter arm of the arch, 
being no longer balanced by an equivalent weight, 
fell over into the inclined position sho^vn in the 
figure, until it rested upon the top of the weight 
with which it had been loaded. 

Of CasUlron Bridges. 
The principle which has usually been adopted in 
the construction of bridges of cast-iron is to sup- 
port the roadway upon separate ribs, each of which 
partakes of the properties of an arch, being sub- 
jected in like manner entirely to a compressive force. 
They differ, however, essentially from an arch of 
masonry, in respect of the parts of which these ribs 
are composed (and which answer to the voussoirs of 
the arch) being so securely connected together as 
to prevent the possibility of rotation about their 
edges, should the line of pressure deviate beyond 
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the substance of the rib*. In an arch of masoniy, 
the object is so to proportion the depth of the arch 
in every part, that it may be equilibriated, or, in 
other words, that the line of pressure may every- 
where pass directly through the center of eveiy one 
of the joints of the voussoirs. In an arched rib of 
cast-iron, on the contrary, the object is so to foim 
the framing of the ribs and spandrils (which, although 
in separate parts, should be so connected together 
as to be one) as to insure the utmost rigidity, and 
stiffness combined with lightness. It is, then, a 
matter of small importance, whether the line of 
resistance passes exactly along the center of the 
rib, because the whole semi-arch may be looked 
upon as one huge voussoir, supported at its lower 
end upon the pier, and at its upper extremity by the 
equal and similar pressure of the other semi-arch. 

We have already t given a rule by which the 
crushing strain on the rib at the crown of the arch 
may be determined ; it may, however, be desirable 
to illustrate its practical application ; for which pur- 
pose we have selected Southwark Bridge. In this 
case, the weight of half the center arch, with the 
roadway, is about 1520 tons, and the horizontal 
distance of the center of gravity of the same from 
the springing, about 56 feet:^, and the versine or 

* See Rudiments of Engineering, Part I., page 49. 

f Part I., page 53. 

i The distance of the center of gravity of the whole mass, from the 
springing of the arch, is found in the manner explained at page 18, 
Part I., by multiplying the weight of each separate part by the distance 
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lite of the arch is 24 feet Then we have from iikt 
ride, at 56 is to 24, so is the horisonial iiaBcaBt to 
1520, which g^Tes ^547 tons for the horizontal throst 
^ the crown of the avch, or the atrain tending to 
crash the cast-iron libs. This steam maj be anp- 
posedy without any settsiUe pracdcal error, to he 
equally borne by all ihe libs, of which there an 
c^;ht; and, the tectioiiai area of each being aboat 
-214 square iacfaes, we hax^e, for the cfaanpietsiFe 
Btrain npom every square aach of ihe ribs, about 
4650lbs^ or only ^^grd of that which wonld be 
required to crush the material*. 

In the JbUoTnag taUe we ba/pe collected ihe poa- 
cipal dunensions of a few lof the mofte impoitaat 
cast-iron bridges which havie been constructed. Asoi 
in fig. 101 we hare shown ihe sectional foinns wUcfa 
have been adopted in each case for the main ribs. 
We hare mentioned at page 69 of the First Part that, 

of its center of ;graTit7 ^^^^'^ the gpringiiqir, and dmding the sum of the 
products thus obtained for all the parts of the bridge by the weight of 
Ihe whole mass. 

* It has been snjqnsed l^sama, Bnt in Southwark, and maojeths 
iron bridges, little or no additional strength is derived from the arched 
ibnn of the ribs, and that the real strain to whidi thej are exposed is 
ttmtlar to that of a girder supported at each «nd, and loaded with a 
distributed weight, there being scarcely any horicontal thrust; thit 
such is not, however, the case, is sufficiently evident, by comparing the 
iveigfat which girders of the same dimensions as ihe fibs of the bridgSi 
and in the circumstances supposed, would be able to support, with the 
load which they actually sustain ; ioc, by ;tfae ride given at page 66 of 
the First Part, we find that the weight which would btmak such a 
^der would be 1^ tons, or about .870 tons for ihe eight ribs of 
Southwark Bridge* which is Jess than a^Hurth of that sRhioh ik^hum 
fluitained for many yean. 
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in girders exposed to a transverse strain, their 
strength nmj be materially increased by adopting a 
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ptrficalar form of cross 'section; in the case^ how- 
ever, of the nbs of a cast-iion bridge, where they 
are entirely •exposed to 3, compressive strain, the 
form 4}{ the cross section is immaterial; always, 
however, siq>posiiig that £he lib is sufficiently stiff 
to prevoQt any tendency to bend laterally, or side- 
ways. The form of those (shown at g in the 
figm'e) of the bridge over the Lary appears to be 
the best adapted for this purpose, the side webs or 
flanges iinparting considerable lateral stiffness to 
ike ribs. 
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Tbe cross section of the ribs of the Pont du Car* 
Tousel is sbown in fig. 102 <n a larger scale tban 
the others, in order to exhibit Fig, 102. 

more distinctly their peculiar 
construction. The rib itself is 
formed of two somi-tubular cast- 
ings, A, A, which, when put to- 
gether, form a hollow tube, the 
interior of which is filled with 
timber, disposed in several thick- 
nesses, bent to the curve of the 
ribs, and securely bolted to- 
gether by the bolt b; the outer 
formofthese timbers was worked 
a little less than that of tbe 
interior tube of the ribs, and the space between 
them was filled in with asphaUe, a capping of which 
was also put over the joint of the ribs at c, to protect 
the timber more effectually from the weather. The 
two iron ribs, A, A, were securely bolted together 
along their upper and lower edges by bolts, d, d. 
This method of construction was adopted by the 
engineer, M. Polonceau, in order to obtain a certain 
amount of elasticity, combined with the stifihess and 
solidity belonging to ca$t-iron. The area of the 
cast-iron rib itself is 165 square inches, and that of 
the timber filling about 274 square inches *. 

■ Far B detailod description of ihis bridge, illiulrated b; engravingt, 
the reader it referred to the Civil Engineer and Architecl'i Journal, 
ToL ii., pags 10. 
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Of Suspension Bridges. 

fiaviog already exjdained (ai page 60 of the Fiffit 
Part) the principles upon which the eonstiiikctioii o£ 
suspension bridges depends, and giyen. ndes fi>c 
determining the form of th« carre whick the ehaiaa 
will assume, and the sectional area which the chains 
should hare in erery part^ in order to be of nnifsna 
strength throughout, il now only lemaina to offer 
some remarks upon the pcactieal application of those 
principles^ and then to describe the; detaal& of con- 
structioa of a few of the. moie in^poctant lmdg!» 
which hare been erected upoo this prin£i|^le. 

In the case of bridges of masonry and iroo, both 
from the weight of the structures theo^selveS) a& 
well aa from the rigid nature- of the iifLaftexial, their 
forms are not liable to be altered^ or their equi^ 
librium disturbcsd^ by external inflttftiitcea,. soch aft 
those arising from the wind,, ov the tiajiu»t ol heavy 
loads. With auspensioa bridges^ howeTer, the cir- 
cumstances are Tezy different^ aiul it has been fbmid 
that they are materially mfluenced by these external 
forces, and, in some cases^ ha^e sustained r^tf 
serious ii^ntries frofo them. The reasooi of thas is to 
be foond, not only in the extreme lightness of die 
supers true tujre o£ such bridges^ in consequence of 
which but a rery slight force is required ta pot them 
in motion, but also from their peculiar susceptibility 
to vibration, or undulatory motion, arising from the 
center of gravity of the structiure being ieiatff instead 
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of ahove the point of sapport, and from the chains 
being in a state of tension, somewhat similar to the 
strings of a mostcal iostmrnenty so that the sodden 
sqDfpUcaticm of a considerablie foree to> any port of 
the cfaain^ or the cootiniied astd regular impulse of 
eren a s^ht force, would cause the chains to aker 
dieir £)rniy and throw both themselves and the- phit- 
finrm ioto a state of Tibration. Thus, suppose the 
idiole hue abd, in ttf;. IM^ to represent the posi- 




tion of one of the chains of a suspemnonbf^ge while 
is its natural: state, aaid then let us suppose a weight 
to be suddcnlj brought iqioa anj poiirt K of the 
platfeim^ abovt hafitwaj between the points of sus- 
pensHOfl and the center of the bridge. Now the 
effect which this weight will produce will be that of 
depressing the platfibcm below its ordinaxj-levely and 
also drawing down the chain \j means of the sua* 
pension rods^ and causinig it to assume the fcHnn 
dawn by the lower dotted lines ; the depression of 
die chain at F will, however, be attended by an 
devatioa at a, on the opposite side of the center df 
the bridge, and a corresponding devation in the 
platform. The form of the chain will therefore now 
become as shown by the dotted line aqbfd, and 
ikke platform, instead of being level, will bare assumed 
tihe waved or unduktory form, shown by the dotted 
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line HB. If, now, this weight be again suddenly 
removed, the chain and platform will immediately 
return to their former positions ; but in doing so they 
will have acquired a certain velocity and momentum, 
sufficient to cany them as much beyond their proper 
position in the opposite direction, and the chain 
and platform will assume the form shown by the 
dotted lines aibcd and km, in which the parts 
previously depressed are now elevated, and vice 
versd; this position will, however, be only mo- 
mentary, and they will once more return nearly to 
the position which they at first assumed when under 
the influence of the weight. And thus they will 
continue in a state of vibration until the effects of 
the disturbing force has been gradually absorbed by 
the resistance of the chains and platform to motion. 
Several suspension bridges have been seriously in- 
jured by the strains thus produced by storms of wind, 
or the transit of heavy loads. Amongst these we 
may mention the suspension bridge at Broughton, 
near Manchester, which was broken down on the 12th 
of April, 1831, in consequence of the vibration oc- 
casioned by a company of about 60 soldiers march- 
ing over it; they had proceeded about half-way 
across the bridge, when one of the chains suddenly 
broke, and the whole of the men were precipitated 
into the river, although most fortunately without any 
loss of life. The chain pier at Brighton was also 
very considerably damaged during a violent storm, 
which occurred on the 15th of October, 1833, mauy 
of the suspending rods being broken, and a con- 
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siderable portion of the roadway in two of the di- 
Tisions being carried away. And we have two further 
instances, in the case of the suspension bridge at 
Montrose, and that over the Menai Straits, both of 
which have been very seriously injured by storms 
of wind; the former on the 11th of October, 1838. 
on which occasion about one-third of the roadway 
or platform of the bridge, was entirely carried away ; 
and the latter on the 7th of January, 1839, when 
more than one-third of the suspending rods were 
broken, and both the carriage ways rendered impass- 
able, nearly 200 feet of one of them being broken 
away. During the height of the storm, a wave was 
observed to traverse the platform in an oblique 
direction, the height of which was estimated by the 
bridge-keeper at not less than 16 feet. ^'The 
motion was observed to be greatest about half 
way between the pyramids (or point of suspension) 
and the center of the bridge. The wave increased 
in its progress from the pyramid until it attained 
its maximum altitude near the first quarter, and 
at the same instant the extreme depression was 
near the third quarter. The wave then gradually 
diminished to the center of the bridge, and after- 
wards increased to the third quarter, when it attained 
its greatest height at the same time that the first 
quarter was most depressed. The platform and the 
main chains were equally subjected to this un* 
ddatory motion." * 

* Mr. Provis's account of the effects of the wind on the Menai Bridge ; 
Transactions of the Institution of Ciyil Engineers, vol. iii. p. 959. 

H 
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The account here given of what took place on 
this occasion affords a practical exemplification of 
what we have shown in fig. 108, the manner in 
which undulations in the chains aad platforms are 
produced and propagated. These instances are suf- 
ficient to show the necessity of adopting some means 
for preventing, as far as possible, this tendency to 
undulation in the chains and platform; and they 
further show the importance of an inquiry into the 
whole subject of suspension bridges, firom which we 
might learn the laws which regulate these motions in 
the chains, without a correct knowledge of which all 
attempts to prevent them are but at best random and 
uncertain. In all cases, however, it is important to 
render the platform itself as stiff and rig^d as pos- 
sible, and, further, to connect the chains on each 
side of the bridge so together as to constitute essen* 
tially but one chain, as in those of the Charing Cross 
Bridge, so that, their weight being greater, they will 
require a more considerable force to put them into 
motion than where the chains are separate, as in the 
Menai Bridge. 

We have in the following table given the chief di* 
mensions of some of the principal suspension bridges 
which have been constructed, either in this country 
or abroad ; and in fig. 104 we have given transverse 
sections of the chains, showing the arraageneiit and 
disposition of the links composing them^ which has 
in each case been adopted. 
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JFi^. 104. 
No. 1, Union Bridge. 
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No. 5, Menai Bridge. 
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No. 8, Montrose Bridge. 



32.0 



No. 9, Pont des Invalides. 



• • •• •/ d' •• •• 



No. 10, Fribourg Bridge. 

•• 84.0^ •• 

No. 11, Charing Cross Bridge. 



The chains of the Union Bridge, No. 1, the Pier 
at Brighton, No. 2, the Bridge in the Isle of Bour- 
bon, No. 8, and the Pont des Invalides, No. 9, are 
formed of rods of round iron; the others, with the 
exception of the bridge over the Danube, No. 7, and 
the Fribourg Bridge, No. 10, are formed with flat 
bars of wfought-iron, grouped together in chains, in 
the manner shown in the figures. The chains of the 
bridge over the Danube are of steel, a material 
adopted by the engineer, H. Mitis, on account of its 
great strength combined with lightness; it is, how- 
ever, very questionable whether this supposed ad- 
vantage is not the reverse, since from the extreme 
lightness of the chains of this bridge, as compared 
with the weight of the platform (the latter being 
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nearly live times as heavy as the former), the bridge 
is found to vibrate considerably under the influence 
of heavy loads or high winds, notwithstanding the 
extreme flatness of the curve formed by its chains, 
the deflexion being less as compared with the span 
than that of any of the other bridges mentioned in 
the table. The chains of the Fribourg Bridge are 
composed of an assemblage of wrought-iron wires, 
formed into a bundle or cable^ but tiot twisted ; each 
cable is composed of twelve strands containing each 
fifty-six wires, and eight strands containing each 
forty-eight wires, maldng in the total 1056 wires in 
each chain or cable. The use of wire as a material 
for the chains of suspension bridges has been very 
general on the Continent, and, in many respects, it is 
well ada^pted for the purpose. It has, however, been 
urged against its use, and with some reason, that it 
is peculiarly liable to coixosion, the fabrication of the 
chain being favourable to the secretion and retention 
of moisture within the interstices between the wires, 
by capillary attraction ; and the danger of the inte- 
rior wires being by these means corroded, without 
the possibility of its being detected by observation. 
In the case of the Fribourg Bridge, this evil was 
guarded against by immersing each wire, three seve- 
ral times, for two hom*s, in a mixture of boiling lin- 
seed oil with a small cpiantity of liiiiarge and soot; 
and 'the same composition was afterwards payed over 
the «eparate strands, and the finished cables. 

With regard to the arrangement of the chains, that 
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adopted in the Menai and Conway Bridges, Nos. 5 
and 6, namely, of having four separate chains, and 
placing them vertically over each other, is not good, 
in consequence of the large surfece which they thus 
present to the wind, and, being separate, the slight 
force required to throw them into motion. This dis- 
advantage was very evident in the case of the Menai 
Bridge, daring the storm to which we have already 
alluded, when the lateral motion of the chains was 
so considerable, that, although suspended at a cKs- 
tance of 12 feet apart (as shown in the section], 
" they had, after the breaking of the transverse ties 
and tubes, been thrown so violently against each 
other as to cause deep indentations in the iron and 
to break off the heads of the bolts, the shanks of 
which were 3 inches in diameter.** ♦ 

In arranging the proportions to be given to the 
several parts of a suspension bridge, the spans and 
deflexions of the contiguous openings must be so 
adjusted, that the horizontal strains produced by 
the chains on each side of the pier shall be eqtral, 
and consequently balance each other; for, other- 
wise, unless the saddle to which the chains are 
connected were fixed, it would be drawn off the 
pier in the direction of the greater strain, and, if it 
were fixed, the stability of the pier would be en- 
dangered, from the tendency of the greater strain 
to pull it over. It may easily be ascertained 
whether this equality in the horizontal strains 

* Mr. BrongV account (bdor&qjioted), p» 9S4k 
i 
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exists or not, in the following manner : having 
assumed certain proportions for the two openings, 
calculate, by means of the rule already given*, the 
strain upon . the chains of each opening (taking as 
the point d that in which the chains meet the pier) ; 
the strains thus obtained will be those acting in the 
direction of the chains, and, in order to ascertain the 
f: equivalent horizontal strains, we must, by means of 
the first rule at page 63 df the First Part, find two 
points in each of the chains near the pier, from 
which we shall ascertain their directions, and we 
may then easily find the amount of the horizontal 
strains, by resolving each of the strains acting in the 
direction of the chains into two others, one acting 
vertically, and the other horizontally, in the same 
manner as has been already explained at the com- 
mencement of the third Chapter. Should it thus be 
found, that the horizontal strain produced by the 
chains on otie side of the pier would be greater than 
that produced upon the other, their relative popor- 
tions must be varied, until they are made to balance 
each other. 

* Rudiments of Civil Engineering, Part I., page 64. 
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79* BUDIMBNTART WoRK ON PnOTOGRAPHT, CODtaioing full iustrUCtioilB 

in the Art of producing Photographic Pictures on any material 
and in any colour ; and also Tables of- the Composition and Pro- 
perties of the Chemical Substances used in the several Photographic 
Processes. By Dr. H. Halleur, of Berlin. Translated from the 
Gennan, by the advice of Baron A. von Humboldt, by Dr. Strauss 1«* 

80, 81. Marina Engines, and on thb Screw, &o.. Treatise on, by R. 

Mumy, C.E., a toUl 2i. 

80*, 81*. Embanking Lands vroh she Sea, the Praotioe of, treated m 
M. Means of Profitable Employment of Capital, by John Wiggim^ 
F.G.S., Land Agent and Surveyor, 2 volB. 2r. 

82. 82*. Power ov Watbr, as appubd to Dritb Flour-Milu, 

Treatise on the, by Joseph Glynn, F.R.S., C.B 2«. 

83. Book-Kbbpino, Treatise on, by James Haddon, M. A. . . U. 

82**, 83*. Coal Gas, Practical TreatLse on the Mitf\ufacture and Distri- 
bution of,.by Samuel Hughes, C.E., 3 vols. . . . . 3«. 
83**. Construction op Locks, Treatise on the, with illustrations . 1«. 6d. 

83 bis, Prin€ipls» op thb Forms op Ships and Boats, by W. 

Bland, Esq. Is. 

84. Arithmbiic, Elementary Treatise on, the Theory, and numerous Ex- 

amples for Praotice,and for Self^Examinatiooy by Prof. J. R. Young l&6(i 
84*. Key to the above, by Prof. J. R. Young . . . . Is, 6cL 

85. Equational Arithmetic : Questions of Interest, Annuities, and 

Greneral Commerce, by W. Hipsley, Esq. Is. 

86. 87. Algebra, Elements of, for the use of Schools and Self-Instruc- 

tion, by James Haddon, M.A., 2 vols. 2t, 

88, 89. Gbombtrt, Principles of, by Henry Law, C.E., 2 vols. . . 2«. 

90. Geometry, Analytical, by James Hann U, 

91, 92. Plane and Spherical Trigonombtry, Treatises on, by the 

same, 2 vols 2«. 

93. Mensuration, Elements and Piactiee of, by T. Baker, C.E. • • 1«. 

94, 95. Logarithms, Treatise on, and Tables for facilitating Astrono* 

mical, Nautical, Trigonometrical, and Logarithmic Caloulalions, by 
H. Law, C.B., 2 vols. 

96. Popular Astronomy, Elementary Treatise on, by the Rev. Robert 

Main, M.R.A.S. ....*..• 

97. Statics and Dynamics, Principles and Practice of, by T. Baker, C.E, 

98, 98*. Mechanism, and Practical Construction op Machines, 

Elements of, by the same, 2 vols. , . » > • 

99, 100. Nautical Astronomy and Navigation, Theory and Practice 

of, by H. W. Jeans, R.N.C., Portsmouth, 2 vols. 

101. Differential Calculus, by W. S. B. Woolhouse, F.R.A.S. . 

102. Integral Calculus, by Homersham Cox, M.A. 

103. Integral Calculus, Collection of Examples of the, by James Hann 

104. Differential Calculus, Collection of Examples of the, by J, 

Haddon, M.A 

105. Algebra, Geometry, and Trigonometry, First Mnemonical 

Lessons in, by the Rev. Thomas Penyngton Kirkman, M.A. ^ ^9, 6d» 
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RUDIHENTART WORKS. 

WWW BWmXMM OV SBVCATIOVAXi "WORSBq 

OR 

Volumes intended for Public Instruction and for Iteference: 

■ Now in the course of PMication, 

The pnblie fkyour with which the Rudimentary Works on scientific subjectahaTe 
been received induces the Publisher to conunence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. The 
Dictionaries of the Modbrn Languages are arranged for facility of reference, 
so that the English traveller on the Continent and the Foreigner in England may 
find in them an easy means of communication, although possessing but a slight 
acquaintance with Uie respective languages. They will also be found of essential 
service for the desk in the merchant's office and the counting-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Greek and Latin Dictionaries has long been 
felt by the younger students in schools, and by the classical scholar who requires 
a book that may be carried in the pocket ; and it is believed tiiat the pr^ent is 
the first attempt which has been made to offer a complete Lexicon of the Greek 
Language in so small a compass. 

In the volumes on England, Greece and Rome, it is intended to treat d 
History as a Science, and to present in a connected view an analysis of the lu^ 
and expensive works of the most highly valued historieal writers. The extensive 
circulation of the preceding Series on the pure and applied Sciences amongst 
students, practical mechanics, and others, affords conclusive evidence of the 
desire of our industrious classes to acquire substantial knowledge, when placed 
within their reach ; and this has induced the hope that the volumes on Histoiy 
will be found profitable not only in an intellectual point of view, but, which is of 
still higher importance, in the social improvement of the people ; for without 
a knowledge of the principles of the English constitution, and of those events 
which have more especially tended to promote our commercial prosperity and 
political freedom, it is impoBsible that a correct judgment can be formed by the 
mass of the people of the measures best calculated to increase the nationil 
welfare, or of the character of men best qualified to represent them in Parliament; 
and this knowledge becomes indispensable in exact proportion as the electiTa 
franchise may be extended and the system of government become more undef 
the influence of public opinion. 

The scholastic application of these volumes has not been overlooked, and i 
comparison of the text with the examinations for degrees given, will show tbdf 
applicability to the course of historic study pursued in the Universities of 
Cambridge' and London. . . -. 

1, 2, Constitutional History op England, 2 vola, by W. D. Hamilton 2fc 

3, 4. — . DOWN to Victoria, by the 

same % 

6. Outline OP the History op Greece, by the same . . . . 1* 

7^ " ■ to its becoming a Rohan 

Province, by the same la, 6i 

7. Outline History of Rome, by the same U 

to the Decline, by the same . . I* 
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BUDIMENTABT WOBKS. 

9^ 10. A Chronoloot of Ciyil and Ecclesiastical Histobt, Litera- 
Tuus, Science, and Abt, from the earliest time to a late period, 
2 vols., by Edward Law. 2f. 

II. G&am&iab of the English Lanouaoe, for use in Schools and for 

Private Instruction^ bjr Hyde Clarke^ Esq., D.C.L. . . . U. 

12^ 13. Dictionary of the English Language. A new and compressed 
Dictionary of the English Tongue, as Spoken and Written, including 
above 100,000 words, or 50,000 more than in any existing work, 
and including 10^000 additional Meanings of Old Words, 2 vols, 
in 1, by the same 28. &d. 

U. Grammar of thb Greek Language, by H. C. Hamilton . . U, 

15, 16. Dictionary of the Gbsek and English Languages, by H. R. 

Hamilton, 2 vols, in 1 25. 

17, 18. English and Greek Languages, 2 vols, in 1, 

by the same 2s. 

19. Gbammab of the Latin Language Is. 

20, 21. Dictionary of the Latin and English Languages . . . , 2^. 
22, 23. — English and Latin Languages . . . 2». 

24. Grammar of the French Language, by Dr. Strauss, late Lecturer 

at Besan9on Is. 

25. Dictionary of the French and English Languages, by A. Elwes Is. 
26. English and French Languages, by the same 1 ». 

27. Grammar of the Italian Language, by the same . . . .Is, 

28, 29. Dictionary of the Italian, English, and French Languages, 

by the same Is. 

30, 31. English, Italian, and French Languages, 

by the same Is. 

32, 33. French, Italian, and English Languages, 

by the same \s.. 

34. Gbammab of the Spanish Language, by the same . . . .Is. 

35, 36. DiCTioNABY of the Spanish and English Languages, by the 

same 2f. 

37, 38. English and Spanish Languages, by the 

same 28. 

39. Gbammab of the Gebman Language, by Dr. Strauss . . .Is. 

40. Classical Gebman Readeb, from the best Authors, by the same . Is. 
41, 42, 43. Dictionaries of the English, Gebman, and Fbench 

Languages, by N. E. S. A. Hamilton, 3 vols 3f. 

44, 45. Dictionaby of the Hebbew and English and English and 
Hebrew Languages, containing all the new Biblical and Rabbinical 
words, 2 vols, (together with tiie Grammar, which may be had 
separately for Is.), by Dr. Bresslau, Hebrew Professor . 5*. 



SUPPI.EMBNTART TO THE SERIBS- 

1>om£stic Medicine ; or complete and comprehensive Instructions for Self-aid 
bv simple and efficient Means for the Preservation and Restoration of 
Health ; originally written by M. Raspail, and now fully translated and 
adapted to the use of the British public. Is. 6d. 



JOHN WEALE'S 



OBBAT SXBIBITZON SVtliDINO. 

The BUILDING erected in HYDE PARK for the 
GREAT EXHIBITION of the WORKS of 
INDUSTRY of ALL NATIONS, 1851 : ^ 

Illustrated by 28 large folding Plates, embracing plans, eleyations, seetions, and 
details, laid down to a large scale from the working drawings of the Gontracton, 
Messrs. Fox, Hbndebson, and Co., by Charlbs Downsb, Architect; with a 
scientific description by Charles Cowpbr, C.E. 

In 4 Parts, royal quarto, now complete, price £1. 19»., 
or in cloth boards, lettered, price £1. 11». 6d, 

%* This work has every measured detail so thoroughly made out as to enable 
Jhe Engineer or Architect to erect a construction of a similar nature, either mare 
or less extensive. 



SIR JOHN RENNIE'S WORK 



ON THE 



THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 

Copious explanatory text, illuBtrated by ntimerous examples, 2 Vols., yery neat 

in half-morocoo. 

The history of the most ancient maritime nations affords oon- 
chisive evidence of the importance which they attached to the 
construction of secure and extensive Harbours, as indispensably 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with reference to 
the vast extension of our commerce with foreign nations, the atten- 
tion of the British Government has of late years been worthily 
directed; and as this may be reasonably expected to enhance the 
value of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectly 
understood, its contribution at the present time may become generally 
useful to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the Views fineb 
engraved under the direction of Mr. Pye : aU the Engineering PUtes have dimej^ 
sions, with every explanatory detail for professional use. 
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In octiTO, doih boardi, price 9». 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 

AND TABLES, 

For finding (he Discharge of Water from Orifices, Notches, Wehrs, 
Short Tahes^ Diaphragms, Mouth*pieces, Pipes, Drains, Streams, 
and Biyera. 

BY JOHN NEVILLE, 

JMXmmCT 'A)n> O.B., ICBlCliEB BOTAL IBISH AOADEMT, MBMB19K INST. C. E. 

mSXiAMD, BmCBBE GBOLOOICAJ. BOO. IBELANDy OOUMTT SURVEYOR OT 

I.OVTHy AND 09 THE OOUNTT OT THE TOWN OF DROOHBDA. 

This work contains above 150 different hydraulic formulae (the 
Continental ones reduced to English measures), and the most ex- 
tensive aud accurate Tables yet pubUshed for finding the mean 
Telocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers ; with experimental results and co- 
efficients ; — 'effects of friction ; of the velocity of approach ; and of 
curves, bends, contractions, and expansions; — the best form of 
channel; — the drainage effects of long and short weirs, 
AND weir-basins; — extent of back-water from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure; — water-power, &c. 



TKEDGOLD ON THE STEAM ENGINE. 

Pablisbed in 74 Parts, price 2«. 6d, each, in 4tOy illustrated by very numerous 
engravings and wood-cuts, a new and much extended edition, now complete in 
3 vols, bound in 4, in elegant half'-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN ITS PR06KB8SITR AND PRESENT STATE OP IMPROVEMENT; 

Practically and ampl^ elucidating, in every detail, its modifications 
and applications, its duties and consumption of fiiel, with an 
investigation of its principles and the proportions of its parts for 
efficiency and strength ; including examplesbof British and American 
recently constructed engines, with details, drawn to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredoold's 
national Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all cases — has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions heing now out of print, the proprietor has heen induced to 
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TREDGOLD ON THE 8TEAM ENGINE. 

enlarge and extend the present edition b j practical examples of all 
kinds, with the most recent improvements in the construction and 
practical operations of the steam engine both at home and abroad. 

The work is divided into the sections named below, either 
which may be purchased separately: working engineers will be{ 
thus enabled to select those portions which more especially apply to 
the objects upon which they may be respectively employed. 

Several scientific men, extensively and practically employed, bavej 
contributed original and really practical papers of the utmost utility d 
by which the value of this extended edition is much increased. A.] 
copious Index for reference is added. 

Division A. Locomotive Engines, 41 plates and 55 wood^suts, complete, making] 
Vol. L In half-morocco binding, price d52. 12«. 6<f. 

Division B. Marine Engines, British and American, numerous plates and wood- 
cuts, making Vol. II. ; hound in 2 vols, half-morocco, price d53. 13«. 6dL 

Division C to G. making Vol. III., and completing the work, comprisi] 
Stationary Engines, Pumping Engines, Engines for Mills, and several exampl 
of Boilers employed in the British Steam Navy; in half-morocco, 
£3. 13«. 6<f. 

LIST OF PLATES. 
DIVISION A. — LOCOMOTIVE ENGII^ES. 



Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Dukk, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan, ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender ; plan 
and section of feed-pump ; plan and 
eleyation of hand-pump; details of 
inside framing, centre axle, driving 
axle-hox, regulation-valve, centre- 
beam stay, &c. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Ptbacmon 6-wheeled 
goods' engine on the Great Western 
Railway. 

Half-plan of the working gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by J. Sewell, L. E., of re- 
sistances per ton of the train ; and 
portion of engines of the class of the 



Great Britain locomotive, indud*' 
ing tender, vrith various loads and 
various veloeities ; also of the ad-i 
ditional resistance in tbs. per ton 
the train, when the engine is loaded,] 
to be added to the resistance per toi 
of the eng^e and tender when 
loaded. 

Side and front elevation of an express] 
carriage engine, introduced on 
Eastern Counties Railway by Jam< 
Samuel, C.E., Resident Eng^eer. 

Longitudinal and cross section of dit 

Plan of ditto ; vrith plan and aection 
cylinders, details and sections, piatoii| 
full size. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers & 
Co., of Manchester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, vrith 
sectional parts. 

Mr. Edward Woods' experiments on the 
several sections of old and modem 
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valyes of locomotive engines, — yiz. 
fig. 1. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port open ; fig. 5, 
stroke completed, steam cut ofi', 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open; fig. 8, steam cut ofi"; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

Ditto, drawn and engraved to half-size : 
fig. 1, old valve, -^^inch lap; fig. 2, 
1-inch lap ; fig. 3, f -inch lap ; fig. 4, 
1-inch lap, Gray*s patent; fig. 5, 
1-inch lap. 

Elevation of a six-wheeled locomotive 
engine and tender. No. 15, con- 
structed by Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

Longitudinal section of ditto. 

Plan of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Elevation of Messrs. Robert Stephenson 



and C!o.'s six-wheeled patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section oMre-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, 6c 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, constructed by Messrs. R. & 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, details, &c. 



Forty-one plates and ffty-five wood engravings* 



DIVISION B. MARINE ENGINES, &C. 



Two plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at AB on plan, 
longitudinal section at C D on plan 
of ditto. 

Engines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 

Plan of engines, showing also bunkers, 
paddles, &c. 



Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boiler of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mart and 
Princess Maude, constructed by 
^faudslay. Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
bunkers, paddles, &c. 

Plan of engines of H. M. steam vessel 
Simoom, constructed by James Watt 
& Co., of London and Soho. 
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Longitudinil section of the Simoom. 

Cross section of ditto. 

Engine of the Red Roy>R» side view 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. <«. 

Sheer draught and plans of vessel. 

Plan of the engine of H. M. steam frigate 
Phcbnix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Rtjbt steam vessel, ele^ 
vation and plan. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilbb&fobce, 
Hull and London packet. 

Cross section of ditto and vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the BerenicEi Hon. E. I. 
Co.'s steam vesseL 

Section of ditto. 

Sheer draught and plan, stem view, 
and body plan of vessel. 

View of the Berbnicb, whilst at sea. 

Boilers of H. M. ships Hebmbs, Spit- 
fire, and Firefly. 

Kingston's valves, as fitted on board 
sea.going vessels for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, 
comparatively. 

Positions of a float of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Sailing of steamers in five points from 
courses. 

Experimental steaming and sailing of 
the Caledonia, Vanguard, Asia, 
and Medea. 

Engines of H. M. steam ship Meg/Bra. 

Engine of the steamboat New World, 



T. F. Secor & Co., Engineers, New 
York. Elevation and section. 

Elevations of cylinder and crank ends. 

Steam cylinders, plana, and secHoBS. 

Details. 

Several sections of deliub. 

Details and sections. 

Details of parts. 

Plans and sections of condenser, bed- 
plates, air-pump bucket, &c. 

Details and sections, injection YBlves. 

Details, plan and elevation of beami, 
&c. 

Details, sections of parts, boilen, &e. 
of the steam boat New Woblb. 

Sections, details, and paddles. 

Engines of the U. S. mail steamers Ohio 
and Georgia. Longitudinal section. 

Elevations and cross sections of ditta 

Details of steam-chests, side-pipes, 
valves, and valve gear of ditto. 

Section of valves, and plan of piston d 
ditto. 

Boilers of ditto, sections oJT ditto. 

Engine of the U. S. steamer Watie- 
Witch. Sectional elevation. 

Steam-chests and cylinders of ditto. 

Boilers, sections, &c. of ditto. 

Boilen of the U.S. steamer Powhatak. 

Front view and sections of ditto. 

Elevation of the Pittsburg and Cin- 
cinnati American packet Buckxtb 
State. 

Bow view, stem view. 

Plan of the Buckeye State. 

Model, &c. of ditto, wheel-house frame, 
cross section at wheel-house, and 
body plan. 

Plan and side elevation of ditto. 

Sheer draught and plan, with the body 
plan,' of the U. S. steam frigate 
Saranac. 

Longitudinal section of ditto, cross sec- 
tion. 

Engines of the U. S. steamer Susuvi- 
hanna. 

Elevation of the U. S. Pacific steam 
packet engine. 

Plan of ditto. 

Boilers of ditto, end views. 

Ditto ditto. 



mffhty-five engravings and fifty-one tpood-cuts. 
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DIVISION C. TO G., FORMING VOL. III. 



STATIONARY ENGINES, PUMPING 

Side elevation of pumping engine, XJ. S. 
dock, New York. • 

End elevation of ditto. 

Elevation and section of the pnmps, 
ditto. — 2 plates. 

Boilers of pumping engines, ditto. 

Boilers, Details, &c. of pumping engines, 
ditto. 

Plan of the hollers, ditto. 

Isometrical projection of a rectangalar 
boiler. 

Plan and two sections of a cylindrical 
boiler. 

Brunton's apparatus forfeeding furnace- 
fires by means of machinery. 

Parts of a high-pressure engine with a 
4 -passaged cock. 

Section of a double-acting condensing 
engine. 

Section of a common atmospheric en- 
gine. 

On the construction of pistons. 

Section of steam pipes and valves. 

Apparatus for opening and closing steam 
passages. 

Parallel motions. — 2 plates. 

Plan and elevation of an atmospheric 
engine. 

Elevation of a single-acting Boulton 
and Watt engine. 

Doable-acting engine for raising water. 

Donble-acting engine for impelling 
machinery. 

Maudslay's portable condensing engine 
for impelling machinery. 

Indicator for measuring the force of 
steam in the cylinder, and diagrams 
of forms of vessels. 

Section of a steam vessel with its boiler, 
in two parts — diagrams showing fire- 
places — ^longitudinal section through 
boiler and fire-places. 

Isometrical projection of a steam-boat 
engine. 

Plan and section of a steam-boat engine. 

Ten horse-power engine, constructed 
by W. Fairbaim and Co.— 4 plates. 

Forty-five horse-power engine, con- 
structed by W. Fairbaim & Co. — 
3 plates. 

Plan and section of boiler for a 20- horse ' 



ENGINES, MARINE BOILERS, &C. 

engine, at the manufactory of Whit- 

worth & Co., Manchester. 
Messrs. Hague's double-acting cylinder, 

with slides, &c. 
Sixty-five-inch cylinder, erected by 

Maudslay, Sons, and Field, at the 

Chelsek Water-works. — 5 plates. 
Beale's patented rotary engine. 
Double-story boilers of H.M.S. Deyas« 

TATION, 400 H. P. 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Royal Mail 

Company's ships. 
Boilers of H. M. steam sloop Basilisk, 

400 H. P. 
Boilers of the Singapore, 470 H. P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Great Western. 
Telescopic chimney, or sliding funnci, 

of H. M. ship Hydra, 220 H. P. 
Seaward's patent brine and feed valves. 
Boilers of H. M. mail packet Undine, 

(Miller, Ravenhill, & Co.) 100 H. P. 
Cross sections of engines of H. M. mail 
■ packet Undine. 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board H.M.S. 

Medea, 220 H. P. (Maudslay, Sons, 

and Field.) 
Boilers of H. M. S. Hydra, 220 H. P. 
Plan of the four boilers, with the sup- 
plementary steam-chests and shut-off 

valves, of the Avenger. 
Boilers of H. M. steam ship Niger, 400 

H. P., fitted by Maudslay, Sons, and 

Field. 
Experimental boiler, Woolwich Yard. 
Boilers of H.M. S. Terrible, 800 H.P. 

(Maudslay, Sons,' and Field.) 
Boilers of the Minx and Teaser, 100 

H. P. (transferred to Wasp.) 
BoUers of the Sams jn, 450 H. P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 H. P. 

(Maudslay, Sois, and Field.) 
Boilers of the Niger (2nd plate). 
Boilers of H.M.S. Basilisk (2nd 

plate). 
Boilers of the Undine. 



12 



JOHN WEALE'S 



TREDGOLD ON THE STEAM ENGINE. 



Doilert of the Royal Mail steam ships 
Asia and Africa, 768 H.P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

Boilers of H.M.S. La Hogue, 450 H.P. 
(Seaward & Co.) 

II. M.S. SiDON, 560 H.P. Plan of 
telescope funnel. 

Boilers of H. M. S. Brisk, 250 H. P. 

Copper boilers for H. M. S. Sans- 
PAREiL, 350 H.P. (James Watt St 
Co.> 

American marine boilers, designed and 
executed by C. W. Copeland, Esq., 
of New York, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U. S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constructed at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearinf^ , &c. 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in operation at Lowell, Massachusets, 
U.S., by J. B. Francis, C.E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting surfacing and screw- 
propeller lathe, by Joseph Whitworth 
& Co., Manchester. 

Longitudinal section, showing arrange- 
ment of engine-room for disc engine 
applied to a screw propeller, and 
Bishop's disc engine, by G. & J. 
Rennie, with details. 

Arrangement of engine-room for engines 
of 60 horse-power, for driving pro* 
pellers of H. M. steam vessels Rey- 
nard and Cruiser, constructed by 
Messrs. Rennie. Longitudinal sec- 
tion and engine-room. 

Ditto. Transverse section at boilen 
and at engines. 

Very elaborate diagrams showing ex- 
periments and results of various pad- 
dle-wheels. — 8 plates. 

Steam flour-mills at Smyrna, con- 
structed by Messrs. Joyce & Co. 
Double cylinder pendulous condens- 
ing engine, side elevation. 

Side elevation, horizontal plan, ditto. 

Longitudinal section. 

Horizontal plan of mill-house and 
boilers. 

Transverse section through engine- 
house and mill. 

Boilers, longitudinal and transverse 
sections, front view. 

Section through mill-stones, elevation 
of upper part, section of lower pait, 
plan of hopper, &c. 



SUMMARY OF THE ILLUSTRATIONS. 

Plates. 

Vol. I. Locomotive Engines 41 

II. Marine Engines 85 

III. Stationary Engines, Pumping Engines, Engines 
for Hour-Mills, Examples of Boilers, &c., &c. . 



Total 



100 
226 



Wood-eatk 
55 
51 

58 

164 



S 



FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

:>ome few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had, price 2s. 6d. 



NEW LIST OF WORKS. 
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HINTS 



TO 



YOUNG ARCHITECTS: 



COMPBISINa 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ABE DESTINED 

TO THE PROFESSION; 

!0 SUCH AS, HAYING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL 

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 

ARE ABOUT TO PRACTISE: 

TOOETHZIt WITH 

A MODEL SPECIFICATION: 

NVOLVING A GREAT VARIBTT OP INSTBUCTIVB AND SUGGESTIVB MATTER, 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS; 

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 

AGENTS OF THEIR EMPLOYERS, 

AND AS THE RIGHTFUL JUDGES OP A CONTRACTOR'S DUTY. 

By aEOEGE WIGHTWICK, Architect. 

CONTEN-fe : — 



Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 
On Serring his Time. 
On Travelling. 
His Plate on the Door. 
Orders^ Plan-drawing. 
On his Taste, Stndy of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Model Specificatiofi : — 

General Clauses. 

Foundations. 

Well. 

Artificial Foundations. 

Brickwork. 

Rubble Masonry with Brick 
Mingled. 

Extra cloth 



Model Specification : 

Stone-cutting. 

— , Grecian or Italian only. 

— , Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement- work. 

Carpenters' Work. 

Joiners* Work. 

Iron and Metal- work. 

Plumbers' Work. 

Drainage. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, PUing and 
Planking, Paving, Vaulting, 
Bell-hanging, jPlumbing, and 
Building generally. 



boards, price Qs. 
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JOHN W£ALS'S 



ASTRONOMICAL ANNUAL FOR 1854. 



OOMFBIBINO 



I. The Ephemeridet. 

II. On the Cometio Mysteries, by Professor A. Crestadora, with Plates. 
III. Notioe of the Biography of J. S. Bailly. 

Price U. 



THE WORK ON 

BRIDGES OF STONE, IRON, TIMBER, 

AND WIRE. 

In 4 Vols., bound in 8, described in the larger Catalogue of PublicatioiiB ; to 
which the following is the Supplement, now completed, entitled 

SUPPLEMENT TO " THE THEORY, PRACTICE, AND 
ARCHITECTURE OF BRIDGES OF STONE, IRON, 
TIMBER, WIRE, AND SUSPENSION," 

In one large 8vo volume, with explanatory Text and 68 Plates, compriaog 
details and measured dimensions, in Parts as follows : — 



Parti. 
II. 
III. 



99 



„ IV. . 
„ V.&VI. 



6s. 

68. 
68. 

lOs. 

20«. 



Bound in half-morocco, uniform with the larger work, price 2^ lOi^ or in a 

different pattern at the same price. 



LIST OF PLATES. 



Cast-iron girder bridge, Ashford, Rye 

and Hastings Railway. 

Details, ditto. 

Elevation and plan of truss of St. 

Mary's Viaduct, Cheltenham Rail- 
way. 

Iron road bridge over the Railway at 
Chalk Farm. . 



Mr. Fairbaim's hollow-girder bridge 

at Blackburn. 
Waterford and Limerick Railway trass 

bridge. 
Hollow-girder bridge over the River 

Medlock. 
Railway bridge over laguoes of 

Venice. 



NEW LIST OP WORKS. 
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BRIDGES OF STONE, &C. 



net at Beangency, Orleans and 

Tours Railway. 

blique cast-iron bridge, on the system 

of M. Polonceau, over the Canal St. 

Denis. 

lackwall Extension Raihray, Com- 
mercial Road bridge, 
itto, enlarged elevation of outside 

girders, with details. 
dttOy details, 
litto, ditto, and sections. 
>itto, ditto, ditto, 
tichmond and Windsor main line, 

bridge over the Thames. 
)itto, details. 
)itto, ditto, and sections. 
Means and Bordeaux Railway bridge. 
)itto, sections and details, 
louen and Havre Railway timber bridge. 
i)itto, details. 
Ditto, ditto, and sections. 
ITiaduct of the Valley of Mitlauncey, 

near Rouen. 
Hoop-iron suspension bridge over the 

Seine at Su!resne, department de la 

Seine. 
9oop-iron suspension foot bridge at 

Abainville. 
Suspension bridge over the Donro,iron 

wire suspension cables. 
Ditto, details. 
Grlasgow and South -Western Railway 

bridge over the water of Ayr. 
Ditto, sections and details. 
Plan of the cities of Ofen and Pesth. 
Sections and soundings of the River 

Danube. 
Longitudinal section of framing. 
No. 1 ooffer-dam. 
rransverse framing of coffer-dam. 
Sections of Nos. 2 and 3 of coffer-dam. 
Plan of No. 3 coffer-dam and ice- 
breakers. 
Plan and elevation of the construction 

of the scaffolding, and the manner of 

hoisting the chains. 

Separately sold from the above in a volume, price half-bound in morocco £1.128, 

A.n ACCOUNT, with lUastrations, of the SUSPENSION 
BRIDGE ACROSS the RIVER DANUBE, 

BY WILLIAM TIERNEY CLARK, C.E., F.R.S. 

With Forty Enffravings, 



Line of soundings, — dam longitudinal 

sections. 
Dam sections. 
Plan and elevation of the Pesth suspen- 

sion bridge. 
Elevation of Nos. 2 and 3 coffer-dams. 
End view of ditto. 
Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

shovring vertical bond-stones. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 

Details of chains. ^Ditto. 

Ditto and plan of nut, bolt, and retain- 

ing-links. 
Plan and elevation of roller-firames. 
Elevation and section of main blocks 

for raising the chains. 
Ditto, longitudinal section of fixtuie 

pier, showing tunnel for chains. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan andelevation of cast- 
iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at level of footpath. 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
Detail of key-stone & Hungarian arms. 
Front elevation of toll-houses and vring 

walls. 
Longitudinal elevation of toll-house, 

fixture pier, vring wall, and pedestal. 
Vertical section of retaining-pi^rs. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at entrance of 

bridge. 
Lamp and pedestal at end of wing walls. 
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JOHN WEALE'S 



THE ENGINEER'S AND CONTRACTOR'S 

POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 
REVISED FOR 1854. In morocco tuck, price 6f. 



CONTENTS. 



Air, Air in motion (or wind), and wind- 
mills. 

Alloyi for bronze ; Miscellaneous alloys 
and compositions; Table of aUoys; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1852 and 1853. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Barrel drains and culverts. 

Bell-hanger*s prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Columns, 
formulae of; Columns or cylinders. 
Table of diameter of; Hollow co- 
lumns. Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c. 

(yhatbnrn limestone. 

Chimneys, &c., dimensions of. 

Circumferences, &c. of circles. 

Cod, evaporating power of, and results 
of coking. 

Columns, cast-iron, weight or pressure 
of, strength of. 



Comparative values between the pre- 
sent and former measures of capaatf. 

Continuous bearing. 

Copper pipes, Table of the weight o( 
Table of the bore and weight of codu 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mUl ; Cotton press. 

Current coin of the principal commercial 
countries, with their weight and re- 
lative value in British money. 

Digging) well-sinking, &c. 

Dodks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments with 
H. M. screw steam tender. 

Earthwork and embankments. Tables 
of contents, &c. 

Experiments on rectangular bars of 
malleable iron, by Mr. Barlow; on 
angle and T iron bars. 

Fairbairn (Wm.), on the expansive 
action of steam, and a new construc- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massachusets)i 
his water-wheel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c. 

Furnaces and boilers. 

Galvanized tin iron sheets in London 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F. R. S., on torbins 
water-wheels. 

Hawksby (Mr., of Nottingham), his 
experiments on pumping water. 

Heat, Tables of the effects of. 



NEW LIST OF WORKS. 
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THE engineer's AND CONTRACTOR'S POCKET BOOK. 



[esagon heads and nuts for bolts, pro- 
portional sizes and weights of. 

Bck's role for calculating the strength 
of shafts. 

[odgkinson's (Eaton) experiments. 

tongerford Bridge. 

lydnulics. 

lydrodynamics. 

lydrostatic press. 

lydrostatics. 

mperial standard measures of Great 
Britain; Iron. 

ndian Navy, ships of war, and other 
▼essels. 

nstitution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

ion balls, weight of cast ; bars, angle 
andT, weight of ; castings; experi- 
ments; hoop, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
looomotive and marine boilers; 
weights of rolled iron. 

^monger's prices. 

Nist's analysis of Mr. Dixon Robinson's 
limestone. 

^titndes andlongitudes of the principal 
observatories. 

i^sd pipes. Table of the weights of. 

i«8fie (J.), C.E. 

Ctune, mortar, cements, concrete, &c 

itunestone, analysis of. 

tiiquids in motion. 

[jocomotive engines; Table showing 
the speed of an engine. 

^g for a sefr-going steamer, form of. 

Machines and tools, prices of. 

iCahogany, experiments made on the 
strength of Honduras. [wheels. 

Pallet's experiments on overshot 

itsrine boilers ; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

Metals, lineal expansion of. 

Morin's (Col.) experiments. 

Motion ; motion of water in rivers. 

Nails, weight and length. 

Navies — of the United States; Indian 
Navy ; Oriental and Peninsular Com- 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
^^rermanic Confederation; Holland; 
Portugal; Prussia; Sardinia; Swe- 



den and Norway; Turkey; Russia 
Royal West India Mail Company's 
fleet. 

New York, State of, railroads. 

Numbers, Table of the fourth and fifth 
power of. 

Psddle-wheel steamers. 

Pambour (Count de) and Mr. Parkes' 
experiments on boilers for the pro- 
duction of steam. 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid by H. M. 
Office of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam engines and boil- 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c.. Table of. 

Railway, American, statistics ; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

Rammell's (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments ; (the 
late J.) estim&te. 

Roads, experiments upon carriages tra- 
velling on ordinary roads ; influence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin's recent experiments on 
the stiffness of ropes ; tarred ropes ; 
dry white ropes. 

Saw-mill. 

Screw steamers. 

Sewage manures. 

Sewers, castings for* their estimates, 
&c. 
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THK BNGINKER'S AND COMTRACTOR's POCKET BOOK. 



Signa and abbremtions in«d in arith- 
metic and mathematical exprMsions. 

Slating. 

Sleepers, qnantitj in cubic feet, &o. 

Smeaton's expariments on wind-nulla. 

Smith and fomider's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
<Mf the elastic force I Table of Vessels 
of war, of America ; of Bngland ; of 
India; and of aevend other maritime 
nations. 

Steel, weight of round steel. 

Stone, per tb., stone, qr., cwt«, and ton, 
&c., Table of the price. 

Stones. 

Strength of columns ; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River ; Bridges over ditto. 

Table of experiments with H. M. screw 
steam tender Dwabf ; of gradients; 
iron roofs; latent heats; paddle- 
wheel steamers of H. M. Service and 
Post-Office Service; {Hnessure of the 
vrind moving at given velocities; 
prices of ^vanized tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, poets, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wire rope (A. Smith's), hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 ft, in feet and decimals ; 
dimensions of the principal parts of 
marine engines ; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
water; expansion of solids by in- 
creasing the temperature; expan- 
sion of water by heat ; heights cor- 
responding to Afferent velocities, in 
French metres; lineal expansion of 
metals ; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters; power of metals, 
&c.; pressure, &c., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheefe ; pro- 
gresfflve, dilatation of metals by heat 
&c.; proportion of real to theoretica 



discharge through thiiNlipped « 

fices ; quantities of vrater, in cdk 

feet, dischaiged over a weir f4 

minnte, hour, &c.; relative md j ^ 

and strength of nq;>e8 and clial!q 

results of experimenta on the finotisl 

of unctuous surfaces ; scantiingi 4 

posts of oak; size and weight ofiil 

laths ; weight in lbs. req«m?ed to «Mi 

l^-inch cubes of stone, and sM 

bodies; we%ht of « lineal iMtfl 

cast-uron pipes, in lbs. ; weight tf I 

lineal foot ctf flat bar iron, in IM 

weight of a lineal foot of square aiil 

round bar iron ; weight of a supvi 

ficial fo<^ of various metals, in fti.; 

weight of modules of elastieity d 

various metals ; yeloeities of paddle 

wheels of different diameters, in M 

per minute, and British atatute wSot 

per hour ; the dimenaioBS, cost, isd 

price per cubic ylird, of ten of ti» 

principal bridges or viadocte bait 

for railways ; the height o£ the hv^ 

ing point at different heights;-^ 

find the diameter of a whed lor i 

given pitch of teeth, &o. 

Tables of squares, cubes, Vfaagt aad 
cube roots. 

Teeth of wheels. 

Temperature, the rdative indications si* 
by different thermometers. 

Thermometers, Table of ii om parisM K if 
different. 

Timber for carpentry and jotnaiy ptf* 
poses; Table of the propertieB d 
different kinds of. 

Tin plates, Table of the weight o£ 

Tools and machines, prices of. 

Tnuition, Morin's eiperimentB on. 

Tredgold's Rules for HydranlieB, fron 
Eytelwein's Equation. 

Turbines, Report on, by Jos^h Olyna 
and others. 

Values of different materials. 

Water-wheels. 

Watson's (H. H.) analysis of Hmestone 
from the quarries at Chatbmm. 

Weight of angle and T iron bars; of 
woods. 

Weights and measures. 

West India Royal Mail Ckmipaiiy. 

Whitelaw's experiments on torinse 
wateivwheels. 
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iniite*8 (Mr., of Cowes) experiments 

on Honduras mahogany. 
Vicksteed's (Thos.) experiments on 

the evaporating power of different 

kinds of coaL 



Wind-miUs; of air, air in motion, &c. 
Woods. 

Wrought iron, prices of. 
Zinc as a material for use in house- 
building. 



In one Volume 8to, extra doth, bound, price 9«. 

rHE STUDENT'S GUIDE TO THE PRACTICE 
OF DESIGNING, MEASURING, AND VALUING 

ARTIFICERS' WORKS ^ 

ContainiDg Directions for taking Dimensions, abstracting the same, 
and bringing the Quantities mto Bill ; with Tables of Constants, 
and copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and Slater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
and wood-cuts. 

The Measuring, &c., edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
£• Lacy Garbett, Architect. 

CONTENTS. 



Preliminary Observations on De- 
signing Artificers' Works. 

Preliminary Observations on Mea- 
surement, Valuation, &c — On mea- 
suring — On rotation therein — On 
abstracting quantities — On valuation 
— On the use of constants of labour. 

BRICKLAYER AND SLATER. 

DssiGN OF Brickwork — technical 
terms, &c. 

Foundations — Arches, inverted 
and erect — Window and other aper- 
ture heads*— Window jambs — Plates 
and internal cornices — String- 
courses — External cornices — Chim- 
ney shafts — On general improvement 
of brick architecture, especially fe- 
nestration. 

Measurement. 

Of diggers' work — Of bridcwork, 
of facings, &c. 

Design or Tiling, and technicalterms. 
Measurement <rf Tiling ^-Example 
of the mode of keeping the measuring- 
book for brickwork. 



Abstracting Bricklayers' and Tilers' 
work. 

Example of bill of Bricklayers' and 
Tilers' work. 

Valuation of Bricklayers' work, 
Earthwork, Concrete, &c. 

Table of sizes and weights of vari- 
ous articles — Tables of the numbers 
of bricks or tiles in various works — 
Valuation of Diggers' and Bricklayers' 
labour — ^Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete.-^2. A rod 
of brickwork. — 3. Afoot of facing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, and Valu- 
ation OF Slating. 

CARPENTER AND JOINER. 

Design of Carpentry — technical 
terms, &c. 

Brestsummers, an abuse: substi- 
tutes for them — Joists, trimmers- 
trimming-joistfr^Girders, their*'' 
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DESIGNING, MEASURING, AND VALUING ARTIFICERS* WORKS. 



and right lue — Substitutes for girden 
and quarter-partitions — Quarter-par- 
titions — Roof-framing — Great waste 
in present common modes of roof- 
framing — To determine the right 
mode of snbdiriding the weight, and 
the right numbers of bearers for 
leaded roofs — The same for other 
roofs — Principle of the truss — Con- 
siderations that determine its right 
pitch — Internal filling or tracery of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trasses— -Vari- 
ations on the truss; right limits 
thereto— To aroid fallacious trussing 
and roof-framing — Delorme's roof- 
ing ; its economy on circular plans — 
UsdTul property of regular polygonal 
plans — On combinations of roofing, 
hips, and valleys — On gutters, their 
use and abuse — ^Mansarde or curb- 
roofs. 

Design of Joinery — technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 

Meabukbment of Carpenters' and 
Joiners' work — Abbreviations. 

Modes of measuring Carpenters' 
work — Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples or Measurement, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, sham pilas- 
ters, fioor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion — Sashes and sash-frames (ex- 
amples of measurement) — Shutters, 
boxings, and other window fittings 
— Staircases and their fittings. 

Abstraotino Carpenters' and Joiners' 
work. 

Example of Bill of Carpenters' and 
Joiners' work. 

Valuation of Carpenters' and Joiners' 
work, Memoranda. 

Tables of numbers and weights. 

Tables of Constants of Labour. 
Roofs, naked floors — Quarter-par- 



titions — Labour on fir, per foot cobe 
— ^Example of the valuation of detii 
or battens — Constants of labour oa 
deals, per foot superficial. 

Constants of Labour, and of naUi^ 
separately. 

On battening, weather boarding- 
Rough boarding, deal floors, baUes 
floors. 

Labour and Nails together. 

On grounds, skirtings, guttoiy 
doorway-linings — Doors, framed par- 
titions, mouldinga — Window-fittLigi 

— Shutters, sashes and frames, stair, 
cases — Staircase fittings, wall-striogi 
— ^DadoB, sham columns and piksten 

Valuation of Sawyers' work. 

MASON. 

Design of Stonemasons' work. 

- Dr. Robison on Greek and GoUue 
Architecture — Great fallacy in tiie 
Gothic ornamentation, which led sho 
to the modern 'monkey styles'— 
* Restoration ' and Preservation. 

Measurement of Stonemason's woit. 
Example of measuring a spsndril 
step, three methods — Allowance for 
labour not seen in finished^ stone— 
Abbreviations — Specimen of the 
measuring-book — Stairs — Landings 
— Steps — Coping — String-courses- 
Plinths, window-sills, curbs — Co- | 
lumns, entablatures, blockings— i 
Cornices, renaissance niches. 

Abstracting and Valuation. 
Table of weight of stone— Tabk 
of Constants of Labour — Example 
of Bill of Masons' work. 

PLASTERER. 

Design of Plaster-work in reil 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary disease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiling — Con- 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings — Bar. 
barous shifts necessitated by wrong 
ceiling — Technical terms in Plas- 
terers' work. 

Measurement of Plaster-work* 
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DESIGNING, MEASURING, AND VALUING ARTIFICERS WORKS. 



Abbreviations — Abstracting of 
Plasterers' work — Example of BiU 
of Plasterers' work. 
Valuation. 

Memoranda of quantities of ma- 
terials — Cqpitants of Labour. 

SMITH AND FOUNDER. 

On the Use or Metal-work in 
Abchitecture. 

Iron not rightly to be used much 
more now than in the middle ages — 
Substitutes for the present extraya- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof -framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 



Measurement of Smiths' and Foun- 
ders* work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Design, &c. of Lead-work. 

Measurement op Paint- work — 
Abbreviations. 

Specimen of the measuring-book 
— Abstract of Paint-work — Example 
of Bill of Paint-work. 

Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of Glazing — 
Measurement and Valuation of 
Paper-hanging. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of warming in 
public buildings — Ditto, for private 
ones— "Warming by gas. 



In 12mo., price 5«. bound and lettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 

COMPANION, AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

Comprising a great yariety of the most usefxd Rules in Mechanical 
Science, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR or SEVERAL SCIENTIFIC WORKS. 

Third edition, with the addition of Mechanical Tahles for the use 
of Operative Smiths, Millwrights, and Engineers; and practical 
directions for the Smelting of MetalHc Ores. 



2 vols. 4to, price £ 2. 16«., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitahle to Carpenters and Builders, 
comprising Elementary and Practical Carpentry, useful to Artificers 
in the Colonies. 
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JOHN WEALE'S 



THE AIDE-MEMOIRE TO THE MILITARl 

SCIENCES, 

Framed from Contributions of Officers of the different Services,; 
edited by ft Committee of the Corps of Royal Engineers, 
work is now completed. ^ 

Sold in 3 vols. iS 4. 10«., extra cloth boards and lettered, or in 6 nrrts, as fol 

j^. «. d. 
Part I. A. to D., nbw edition . . . 14 
II. D. to P. 

III. P. toM. 

IV. M. toP. 
V. P. to R. 

VI. R.toZ. 
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In 1 Urge Volume, with numerous Tables, Engravings, and Cuts, 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Private Grentlei 

generally, in connection with Valumg, Surveying, Buildij 

Xetiing and Leasing, Setting out, disposing, and particuli 

describing all kinds of Property, whether it be Land or Pei 

Property. ■ Useful to 

Auctioneers Assurance Ck)mpanies Landed Propriet 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate As^nta Valuers, &c. 



In 1 vol. large 8vo, with 13 Plates, price One Guinea, in half-morocoo biiidifi| 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common -Place Book of PURE AND MIXED MAT! 
MATICS ; together with the Elementary Principles of Engineeni 
designed chiefly for the use of Civil Engineers, Architects^ 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., F.R.A.S. 

Third Edition, revised and enlarged by HENRY LAW, Civil Engineer. 

CONTENTS. 
PART I. — PURE MATHEMATICS. 



CHAPTER I.— 'ABITHMBTIC. 

Skct. 

1. Definitions and notation. 

2. Addition of whole numbers. 

3. Subtraction of whole numbers. 

4. Multiplication of whole numbers. 



SSCT. 

5. Division of whole numbers. 

Proof of the first four roles 
Arithmetic. 

6. Vulgar fractions. — Reduction 

vulgar fractions. — ^Addition 
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subtraction of vulgar fractions. 
— Multiplication and division 
of vulgar fractions. 

Pedmal fractions. — Reduction of 
decimals. — Addition and sub- 
traction of decimals. — Multipli- 
cation and division of decimals. 

Complex fractions used in the arts 
and commerce. — Reduction. — 
Addition. — Subtraction and 
multiplication. — Division. — 
Duodecimals. 

Powers and roots. — Evolution. 

Proportion. — Rule of Three. — De- 
termination of ratios. 

Logarithmic arithmetic. — Use of 
&e Tables.'i— Multiplication and 
division by logarithms. — Pro- 
portion, or the Rule of Three, 
by logarithms. — Evolution and 
involution by logarithms. 

Properties of numbers. 

CHAPTER II. — AhQUBRA, 

Definitions and notation. — 2. Ad- 
dition and subtraction. — 3. Mul- 
tiplication.— -4. Division. — 5. In- 
volution. — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 
subtraction, and multiplication. 
— ^Division^ involution, and evo- 
lution. — 8. Simple equations. — 
Extermination. — Solution of 
general problems. — 9. Quadratic 
equations. — 10. Equations in 
general. — 11. Progression. — 
Arithmetical progression. — Geo- 
metrical progression. — 12. Frac- 
tional and negative exponents. — 
13. Logarithms. — 14. Computa- 
tion of formulae. 



CHAPTER III. — OEOMETRT. 

1. Definitions. — 2. Of angles, and 
right lines, and their rectangles. 



Skct. 

— 3. Of triangles. — 4. Of qua- 
drilaterals and polygons. — 5. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids. — 7. Practical geo- 
metry. 

CHAPTER IV. — MENSURATION. 

1. Weights and measures. — 1. Mea- 

sures of length. — 2. Measures 
of surface. — ^3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 

— Comparison of English and 
French weights and measures. 

2. Mensuration of superficies. 

3. Mensuration of solids. 

CHAPTER V. TRIGONOMETRY. 

1. Definitions and trigonometrical 
formulae. — 2, Trigonometrical 
Tables. — 3. General nroposi- 
tions. — 4. Solution of tne <^es 
of plane triangles, -— Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— ^Determination of heights and 
distances by approximate me- 
chanical methods. 

CHAPTER YI. CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — ^3. Properties of the hy- 
perbola. — 4. Properties of the 
parabola. 

CHAPTER yil.-— PROPERTIES OF 
CURTES. 

1. Definitions. — 2. The conchoid. — 
3. The cissoid.— 4. The cycloid 
Und epicycloid. — 5. The quadra- 
trix. — 6. The catenary.— -Rela- 
tioQS of Catenarian Curves. 



PART II,— MIXED MATHEMATICS. 



BAFTBRI. — MECHANICS IN GENERAL. 
CHAPTER II.-— STATICS. 

1. Statical equilibrium. 
8. Centre of gravity. 
}. General application of the princi- 
ples of statics to the equilibrium 



of strujctives.-"* Equilibrium of 
piers or abutments. — Pressure 
of earth against walls. — Thick- 
ness of walls. -— Equilibrium of 
polygons. — Stability of arches. 
— Equilibrium of suspension 
bridges. 
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CHAPTBm III. — ^DYNAMICS. 

1. OeDenl DeAnitiont. 

2. On the general laws of unifonn 

and yariable motion. — Motion 
uniformly accelerated.^Motion 
of bodies under the action of 
gravity. — Motion over a fixed 
pulley, and on inclined planes. 

3. Motions about a fixed centre, or 

axis.-'Centres of oscillation and 
percussion. — Simple and com- 
pound pendulums. — Centre of 
gyration, and the principles of 
rotation. — Central forces. 

4. Percussion or collision of bodies 

in motion. 

5. Mechanical powers. — Levers. — 

Wheel & axle. -^Pulley. — In- 
clined plane. — ^Wedge and screw. 

CHAPTBR TV. — HTDKOSTATICS. 

1. General Definitions. — 2. Pressure 
and equilibrium of Non-elastic 
Fluids. — 3. Floating Bodies. — 
4. Specific gravities. — 5. On 
capillary attraction. 

CHAPTER y.-^HTDB0DTNAMIC8. 

1. Motion and efiiuence of liquids. 

2. Motion of water in conduit pipes 

and open canals, over weirs, 
&c. — ^Velocities of rivers. 

3. Contrivances to measure the Telo- 

city of running waters. 

CHAPTBB VI. — PNEUMATICS. 

1. Weight and equilibrium of air and 

elastic fluids. 

2. Machines for raising water by 

the pressure of the atmosphere. 

3. Force of the wind. 



Sa«:T. I 

CHAPTER Til. — MECHANICAI. AM 

1. Water as a mechanical agent/] 

2. Air as a mechanical agent. — % 

lomb's experiments. ] 

3. Mechanical agents depending^ 

heat. The Steam Eng^ 
Table of Pressure and Temf^ 
ture of Steam. — General { 
scription of the mode of 
of the steam engine. — 
of the same. — Descripti 
various engines, and form 
calculating their power: iit< 
cal application. 

4. Animal strength as a m 

agent 

CHAPTER Vlll. STRENGTH 

MATERIALS. 

1. Results of experiments, and 

ciples upon which they sh 
be practically applied. 

2. Strength of materials to 

tensile and crushing st 
Strength of columns. . 

3. Elasticity and elongation of bo^ 

subjected to a crushing or I 
sile strain. | 

4. On the strength of materials 9\ 

jected to a transverse straui^ 
Longitudinal form of beiBua; 
unifonn strength. — Transvi 
strength of other materials i 
cast iron. — The strengthi 
beams according to the ma 
in which the load is distribd 

5. Elasticity of bodies subjected | 

transverse strain. J 

6. Strength of materials to n| 

torsion. i 
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II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 

XV. 



APPENDIX. 

Table of Logarithmic Difference!. 

Table of Logarithms of Numbers, from 1 to. 100. 

Table of Logarithms of Numbers, from 1 00 to 10,000. 

Table of Logarithmic Sines, Tangents, Secants, &c. 

Table of Useful Factors, extending to sevend places of Decimals. 

Table of various Useful Numbers, with their Logarithms. 

Table of Diameters, Areas, and Circumferences of Circles, &c. 

Table of Relations of the Arc, Abscissa, Ordinate and Subnormal, in the Catcosiyt 

Tables of the Lengths and Vibrations of Pendulums. 

Table of Specific Gravities. 

Table of Weight of Materials frequently employed in Constrnctioni 

Principles of Chronometers. 

Select Mechanical Expedients. 

SS^^^v ' ^l *^* ?*'''* °.^ 9^^ ^»«^o» Bridge on the Tides, &<!• 
Professor Fansh on Isometrical PerspectiTe. 
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